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SUMMARY Since the early 1970a, the health affect* of indoor air poltulion have been investigated 
with Increasing Intensity. Consequently, a large body of literature I* now available on diverse aspects 
of Indoor air pollution! aource*, concentrations, health affect*, engineering, and policy. This review 
begin* with a review of the principal pollutants found In Indoor environment* and their sources. 
Subsequently, exposure to Indoor air pollutant* and health effects are considered, with an emphv 
sis on those indoor air quality problem* of greatest concern at present: passive exposure to tobacco 
smoke, nitrogen dioxide from gas*fueled cooking stoves, formaldehyde exposure, radon daughter 
exposure, and the diverse health problems encountered by workers In newer sealed office buildings. 
The review concludes by briefly addressing assessment of indoor air quality, control technology, 
research needs, and clinical implications. AM rev RESRJr DlS is&7: m H86-1508 
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Introduction 

During this century, dramatic episodes 
of excess mortality caused by ambient air 
pollution convincingly established that 
atmospheric contamination by human 
activities can adversely affect health. In 
many countries, governmental regula¬ 
tions implemented in response to the ad¬ 
verse health effects of air pollution have 
resulted in strong trends towards im¬ 
proved air quality. As the hazards posed 
by ambient air pollution from conven¬ 
tional fossil fuels have diminished in 
some countries, the relevance of indoor 
air quality for health has become increas¬ 
ingly apparent. Studies of time-activity 
patterns demonstrate that residents of 
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more developed countries spend on av¬ 
erage little time outdoors (table 1) (1,2). 
Thus, indoor pollutant concentrations 
are the predominant determinant of ex¬ 
posure for many pollutants and the only 
source of exposure for some. However, 
pollutants in outdoor air do penetrate in¬ 
doors, and for some pollutants of cur¬ 
rent importance, such as ozone and acid 
aerosols, nearly all exposure, whether re¬ 
ceived indoors or outdoors, results from 
outdoor sources. 

Research directed at indoor air pollu¬ 
tion and its adverse health effects began 
in the late 1960s and early 1970s (3, 4). 
Investigation in this area was subse¬ 
quently stimulated by concerns that re¬ 
duced ventilation of buildings for the 
purpose of energy conservation would in¬ 
crease pollutant concentrations and lead 
to adverse effects on health. Conse¬ 
quently, a large body of literature is now 
available on diverse aspects of indoor air 
pollution: sources, concentrations, health 
effects, mitigation, and policy. 

While many health effects of indoor 
air pollution remain controversial, epi¬ 
demiologic and clinical research has iden¬ 
tified some health effects that should be 
considered by chest physicians and other 
health care providers. The public has 
been intensely interested in the new in¬ 
formation on indoor air pollution, par¬ 
ticularly as it relates to such ubiquitous 
exposures as formaldehyde, environmen¬ 
tal tobacco smoke, radon and radon 
daughters, nitrogen dioxide (N0 2 ) from 
S, 10 


gas-fueled cooking stoves, and smoke 
from woodbuming fireplaces and stoves. 
Patients may turn to their health care 


This is Part ] of two parts; the second will appear 
in the next issue of the Review. 
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TABLE 1 

AVERAGE HOURS SPENT PER DAY IN VARIOUS LOCATIONS BY ADULTS 
IN 44 U.S. CITIES* 


Location 

Employed Men 

Employed Women 

Housewives 

At home 

13.4 (55.6)7 

15.4 (64.2) 

20.5 (65.4) 

At work 

6.7 (27.9) 

5.2 (21.7) 

- (0) 

tn transit 

1.6 (6.7) 

1*3(5 4) 

1.0 (4.2) 

Outside 

0.7 (2.9) 

0.3 (1.3) 

0.4 (1.7) 

Insid* other 
ftructures 

1.6 (6.7) 

V8 (7.5) 

2.1 (8,8) 


• B***C on data in i*W*s 7*1.1 and 7*1.3, p*g* 795 tn rafartnce 1. Time calculated lor ‘outside* in* 
ckKfrs the categon** ’juit outsid* one’s home* and ’in all other locations * Tim* calculated for ■maid* 
other structures* consist* of th* cattgon** hn other people’s homes ’ *m places of business.* and *m 
restaurants and bars * Th* ordinal data d»d not separate work tmo indoor and outdoor categories 
t P*fo#niap* of 24 h 


providers because of concerns about 
potential health effects of these and other 
indoor air pollutants. 

The findings reported in this new liter¬ 
ature also have wide-ranging policy im¬ 
plications (5). Evidence of adverse health 
effects of indoor air quality may require 
decisions and actions on consumer prod¬ 
ucts, building materials and design, en¬ 
ergy conservation practices, and regula¬ 
tion of smoking in public places. In the 
United States, the Environmental Pro¬ 
tection Agency under the authority of the 
Clean Air Act regulates to protect and 
enhance outdoor but not indoor air qual¬ 
ity. This agency has constructed a statu¬ 
tory framework for implementing am¬ 
bient air quality standards and has de¬ 
vised a complex set of regulations for 
controlling mobile and stationary air pol¬ 
lution sources. 

For some criteria pollutants, an en¬ 
couraging trend of improving outdoor air 
quality has resulted. The number of lo¬ 
cations exceeding the primary National 
Ambient Air Quality Standards for to¬ 
tal suspended particles (TSP), sulfur di¬ 
oxide (S0 2 ), carbon monoxide (CO), and 
lead (Pb) has decreased over the past de¬ 
cade. Even peak ozone (Oj) concentra¬ 
tions have declined in many locations. 
Of the 6 criteria pollutants, only N0 2 pol¬ 
lution has worsened (6). However, im¬ 
provements in ambient air quality do not 
necessarily imply that human exposures 
to harmful pollutants have also declined. 
Indoor air quality is not directly regu¬ 
lated, and use of some sources of indoor 
air pollution, such as wood stoves and 
kerosene space heaters, is increasingly 
widespread. Low' air exchange rates in 
newer homes and office buildings may 
also increase personal exposures. Thus, 
air quality policy designed to fully pro¬ 
tect public health must address exposures 
to pollutants indoors as well as outdoors. 

This review summarizes information 
on the health effects of indoor air pollu¬ 


tion, with an emphasis on the data that 
are most relevant for health care pro¬ 
viders and those concerned with pub¬ 
lic health aspects of indoor air quality. 
We have also focused on the indoor air 
quality problems of greatest public health 
concern at present and emphasize those 
for which new- evidence has become avail¬ 
able: passive exposure to tobacco smoke, 
N0 2 exposure from gas-fueled cooking 
stoves, formaldehyde exposure, radon 
daughter exposure, and the diverse health 
problems encountered by workers in newer 
sealed office buildings. The citations are 
based primarily on a literature search that 
extended through June 1986; selected 
references subsequent to that date have 
been cited. 

Review articles (7-10) and several mono¬ 
graphs (11-14) on indoor air pollution 
have been published, as well as a report 
by the National Research Council (15). 
Proceedings of meetings on this topic 
have also been published (16-24). Numer¬ 
ous sources on the health effects of am¬ 
bient air pollution are also available, in¬ 
cluding a statement of the American 
Thoracic Society (25), reports on indi¬ 
vidual pollutants by the National Re¬ 
search Council, and the criteria docu¬ 
ments prepared periodically by the En¬ 
vironmental Protection Agency. 

In this review; we initially consider the 
sources of indoor air pollution and in¬ 
formation on personal exposures to in¬ 
door air pollution. Subsequently, for 
each of the major pollutants, we review 
the concentrations in indoor environ¬ 
ments and the health effects. Wc con¬ 
clude by briefly addressing indoor air 
quality assessment, control technology, 
research needs, and clinical implications. 


Indoor Air Pollution: Sources 
and Exposure 

Introduction 

In this section, w r e highlight information 
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on the sources of those pollutants that 
have been, or are, potentially associated 
with disease. We also review studies of 
personal exposures to pollutants. Con¬ 
centrations of pollutants in indoor en¬ 
vironments are described in subsequent 
sections on individual pollutants. We do 
not attempt to cover exhaustively the data 
on sources and exposures; comprehen¬ 
sive treatments are available in the report 
of the National Research Council (15) on 
indoor air pollution, in a review by Yo- 
com (26), and in the proceedings of the 
Seventh Oak Ridge National Laboratory 
Life Sciences Symposium (24). 

The health risks posed by air pollu¬ 
tion are determined by the personal ex¬ 
posure of individuals to contaminants 
and not simply by pollutant concentra¬ 
tions in indoor and outdoor air. Personal 
exposures to air pollutants represent the 
average of the pollutant concentrations 
encountered in various environments 
with weighting proportional to the time 
spent in each location (figure 1). In more 
developed countries, studies of activity 
patterns have established the importance 
of the indoor environment in determin¬ 
ing personal exposures (table 1) (1, 2). 

The determinants of indoor concen¬ 
trations vary among the pollutants. Lev¬ 
els may be influenced by outdoor levels, 
indoor sources, the rate of exchange be¬ 
tween indoor and outdoor air, and other 
characteristics of the structure and its fur¬ 
nishings that influence pollutant disper¬ 
sion and removal (15). Pollutants from 
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Fig. 1. Framework for considering the relationships 
among pollutant concentrations, personal exposures 
doses of pollutant* to target tissues, and he&hn eMecis 
(Reprinted with permission from reference 27 1 
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outdoor sources can enter a building 
through mechanical ventilation systems 
and through the natural infiltration of 
air. The indoor concentrations of “out¬ 
door pollutants” depend not only upon 
the outdoor concentrations but upon the 
rate of air infiltration, the reactivity of 
the contaminant, the efficiency of any 
mechanical filtration systems, and, for 
solids, upon the particle size and shape. 
For example, Oj, primarily an ambient 
pollutant, is a highly reactive molecule*, 
it follows first-order decay kinetics when 
penetrating indoors and usually reacts 
quickly with surfaces. Indoor concentra¬ 
tions of 0 3 are usually less than 50°7o of 
outdoor concentrations (28). Neverthe¬ 
less, even small amounts of Oj will be 
important in some indoor environments, 
such as art museums and locations with 
NOj sources. The concentrations of pol¬ 
lens, which are large particles from out¬ 
side sources, decline substantially with 
increasing distance from doors and win¬ 
dows (29). Outdoor sources may lead to 
unusually high pollutant levels indoors 
if fresh air intake vents are improperly 
located. For example, increased CO lev¬ 
els have been measured in buildings with 
intake vents fed by air contaminated with 
vehicle exhaust from adjacent roadways 
or parking garages. 

Increasing concentrations of indoor air * 
pollutants have been of particular con¬ 
cern as ventilation rates have been re¬ 
duced in newer structures. The 83 mil¬ 
lion housing units in the United States 
are diverse in character and some types 
are more likely to be associated with ex¬ 
cessive indoor air pollution than are 
others. In new “tight” homes, air ex¬ 
change rates during winter may average 
less than 0.5 per hour, while most con¬ 
ventional homes have average exchange 
rates between indoor and outdoor air 
around 1,0 per hour. Energy efficient “su¬ 
per tight” homes can be built with win¬ 
ter air exchange rates as low as 0.1 to 0.3 
per hour. In comparison with conven¬ 
tional homes, mobile homes and pre¬ 
fabricated housing units have lower mean 
air exchange rates and are of smaller vol¬ 
ume. These characteristics make them 
particularly liable to indoor air pollution 
problems. In many new office buildings, 
construction techniques and ventilation 
practices also lead to low air exchange 
rates and the potential for air quality 
problems. 

Although most time indoors is spent 
at home or at work, about 5% of each 
day is spent in transit (table 1). Trans¬ 
portation environments pose unique prob¬ 


TABlE 2 

TYPICAL SOURCES OF INDOOR AIR POLLUTION IN THE HOME. OFFICE. AND 
TRANSPORTATION ENVIRONMENT 


Environment 

Source and Pollutants 

Home 

Tobacco smoking: respirable particles, CO, VOC* 

Gas stoves: N0 1( CO 

Woodstoves and fireplaces; respirable particles, CO, PAHt 

Building materials: formaldehyde, radon 

Earth underlying Ihe home: radon 

Furnishings and household products: VOC. formaldehyde 

Gas-fueled space heaters: NO*, CO 

Kerosene-fueled space heaters: NO,. CO, 50 r 

Insulation: asbestos 

Moist materials and surfaces: biological agents 

Office 

Tobacco smoking; respirable particles, CO, VOC 

Building materials: VOC, formaldehyde 

Furnishings: VOC, formaldehyde 

Copying machines: VOC 

Air conditioning systems: biological agents, vehicle exhaust with combustion 
emissions containing particles. CO, and NO, 

Transportation 

Tobacco smoking: respirable particles, CO, VOC 

Ambient air: o 2 one in jet aircraft, CO and lead in automobiles 

Auto air conditioners: biological agents 


* Voiatil* orgtnlc compounds 
t Polycyclic «romaiic hydrocarbon* 


lems with regard to air quality. In most, 
air exchange rates are high, but the ratio 
of the number of occupants to air vol¬ 
ume is much higher than in other en¬ 
vironments, For example, commercial 
jets are designed to have several air ex¬ 
changes per hour. In an automobile with 
Che windows open or the ventilation fan 
operating, the number of air exchanges 
can range from 5 to 50 per hour. The 
occupam-to-volume ratios are much 
higher than found in almost every indoor 
environment used by the general public. 
Thus, substantial exposure to airborne 
pollutants may be sustained in transpor¬ 
tation environments. 

The ventilation systems of commer¬ 
cial aircraft are designed to pressurize the 
cabin, cool electronic equipment, vent 
lavatory and galley areas, and provide 
conditioned air for ‘passenger and crew 
comfort (30). The air is drawn through 
compressors, conditioned by mixing with 
ambient air, and delivered through over¬ 
head systems. The air exchange on air¬ 
planes is usually quite high, although 
some aircraft, such as the new Boeing 
767, are configured to recirculate 50% 
of the air. At full passenger load, only 
7 cubic feet per minute (cfm) of fresh air 
per person would be supplied, only 
slightly greater than the minimum recom¬ 
mended in the current ventilation guide¬ 
lines of the American Society of Heat¬ 
ing, Refrigerating, and Air Condition¬ 
ing Engineers. 

Important and occasionally unique ex¬ 
posures to pollutants can be sustained in 


special environments, although little time 
may be spent in these locations on aver¬ 
age. For example, sports arenas can be 
heavily contaminated with tobacco 
smoke (31), and motorized ice cleaning 
equipment can increase levels of CO and 
NOi in ice skating rinks (32). Exposure 
to volatile organic compounds (VOC) can 
take place in dry’ cleaning establishments 
and fabric stores (33). Camping lanterns 
and cooking stoves are potent sources of 
N0 2 and CO (34). In fact, fatalities have 
occurred to campers and explorers from 
CO poisoning (35, 36). 

Sources of Indoor Air Pollution 
Numerous sources of airborne contam¬ 
inants have been identified in indoor en¬ 
vironments (tables 2 and 3). The pollu¬ 
tant sources found in home, office, and 
transportation environments are listed in 
table 2. In table 3, we describe the sources 
of the principal pollutants and typical 
concentrations. Unvented combustion, 
evaporation of solvents, grinding, and 
abrasion can produce gaseous and par¬ 
ticulate pollution indoors. Radon and its 
decay products accumulate indoors from 
soil, water, and building materials. Bio¬ 
logical sources include growth of molds, 
fungi, and bacteria, and insects and pets. 

In the home, the principal combustion 
sources are tobacco smoking, gas cook¬ 
ing stoves, and unvented kerosene heat¬ 
ers. Wood burning in stoves and fire¬ 
places may also affect indoor air quality. 
Formaldehyde maybe released from urea 
formaldehyde foam insulation (UFFI), 
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from furnishings*.and from household 
products. Volatile organic compounds 
have numerous sources within the home 
including tobacco smoking and house¬ 
hold products. Radon, emitted by the 


i 

i 



earth under a home, can enter through 
cracks in the foundation, crawl spaces, 
sump holes, and other portals. Building 
materials, water, and utility natural gas 
may also be sources of radon. 



to 

© 
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In offices, tobacco smoking is an im- OB 
portant source of respirable particulates. 
Formaldehyde and other VOC may be 
given off by building materials, furnish¬ 
ings, paints, waxes, supplies, and clean- 
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ing solvents. Biological agents,' which 
have proliferated on moist surfaces> may 
be dispersed by the office heating and 
cooling systems. Many of these same 
sources of air contamination are present 
in transportation environments. 

Persona! Exposure to Air Pollutants 
Measurement of personal exposures to 
pollutants confirms the contributions of 
these indoor sources to total pollutant 
exposures (37), Direct personal monitor¬ 
ing has become possible with the devel¬ 
opment of passive sampling equipment 
and lightweight portable pump systems 
(38,39). By combining personal sampling 
or fixed-location sampling with time- 
activity information, the relative contri¬ 
butions of various locations and sources 
to personal exposures can be estimated 
(37), Studies using these techniques have 
established the importance of indoor 
sources for exposure to respirable par¬ 
ticulates, CO and NO*. 

For example, Spengler and associates 
(40) evaluated sources of variation in per¬ 
sonal exposures to respirable particles 
among residents of 2 semirural commu¬ 
nities in Tennessee. The ambient concen¬ 
trations and personal exposures were 
uncorrelated, but the concentration of 
respirable particulates in the homes ex¬ 
plained more than 60% of the variation 
in personal exposures. Reported tobacco 
smoke exposure alone accounted for less 
than 15^0 of the variability. 

Quackenboss and colleagues (41) re¬ 
ported similar results from a study of 
personal NO* exposures of 35 adults 
and children living in the vicinity of an 
agricultural community in central Wis¬ 
consin. In this population more than 
80% of the variance in week-long per¬ 
sonal exposure to NO* was accounted for 
by variation in bedroom concentrations. 
In contrast, the studies of personal ex¬ 
posure have indicated the predominance 
of outdoor sources for some pollutants, 
e.g., 0 3 (37). 

Health Effects of indoor 

Air Pollution 

Introduction 

We have described the sources of indoor 
air pollution and the principal pollutants 
that may be found in specific indoor en¬ 
vironments, In this section, we address 
the health effects associated with these 
pollutants as well as information on the 
concentrations of the pollutants in in¬ 
door air. In discussing their health ef¬ 
fects, we have broadly grouped the pol¬ 
lutants by their sources: combustion 


sources—tobacco smoke, NO*, CO, and 
wood smoke; biological sources—infec¬ 
tious agents and allergens; and miscel¬ 
laneous sources—radon and radon daugh¬ 
ters, volatile organic compounds, and 
formaldehyde. The problem of building- 
related illnesses or “tight building syn¬ 
drome,” which cannot be linked to spe¬ 
cific agents, is described separately. We 
do not review the hazards, primarily non- 
respiratory, of exposure to pesticides. The 
National Research Council (42) has re¬ 
cently addressed the nonoccupational 
health risks of asbestiform fibers, and 
we do not cover this exposure. Finally, 
we do not consider the effects of pollu¬ 
tants generated by outdoor sources that 
penetrate indoors nor exposures in the 
work environment that are associated 
with well-recognized forms of occupa¬ 
tional lung disease. 

Tobacco Smoke 

Introduction . Extensive toxicologic, 
experimental, and epidemiologic data, 
largely collected since the 1950s, have es¬ 
tablished that active cigarette smoking 
is a major preventable cause of morbidity 
and mortality (43). Involuntary exposure 
to tobacco smoke has only recently been 
investigated as a risk factor for disease 
in nonsmokers. Consequently, the evi¬ 
dence on involuntary smoking is more 
limited in scope than for active smok¬ 
ing, and controversy remains concerning 
certain associations of involuntary smok¬ 
ing with disease. 

Nonsmokers inhale environmental to¬ 
bacco smoke, the combination of the 
sidestream smoke that is released from 
the cigarette’s burning end and the main¬ 
stream smoke exhaled by the active smok¬ 
er (44). Comprehensive discussions of the 
chemistry of sidestream and of main¬ 
stream smoke are included in the 1979, 
1984, and 1986 reports of the Surgeon 
General (43, 45, 46), in the 1981 report 
of the National Research Council on in¬ 
door air pollution (15), and in the 1986 
report of the National Research Council 
on environmental tobacco smoke (47). 

The exposures of involuntary and ac¬ 
tive smoking differ quantitatively and, 
to some extent, qualitatively (15, 45-48). 
Because of the lower temperature in the 
burning cone of the smoldering cigarette, 
most partial pyrolysis products are en¬ 
riched in sidestream as compared to 
mainstream smoke. Consequently, side- 
stream smoke has higher concentrations 
of some toxic and carcinogenic sub¬ 
stances than mainstream smoke; how¬ 
ever, dilution by room air markedly re¬ 


duces the concentrations inhaled by the 
involuntary smoker in comparison to 
those inhaled by the active smoker. 
Nevertheless, involuntary smoking is ac¬ 
companied by exposure to many of the 
toxic agents generated by tobacco com¬ 
bustion (15, 45-48). The intake of to¬ 
bacco smoke components by nonsmok¬ 
ers has been confirmed by studies using 
biological markers such as nicotine and 
its metabolite, cotinine. Thus, it is bio¬ 
logically plausible to hypothesize that 
exposure to environmental tobacco smoke 
is a risk factor for disease in nonsmok¬ 
ers. Active smokers must necessarily have 
greater exposure to environmental to¬ 
bacco smoke than nonsmokers, but the 
consequences of smokers’ active and 
passive exposures cannot be separately 
evaluated. 

To date, research on passive smoking 
has focused on respiratory effects, al¬ 
though recent investigations have exam¬ 
ined associations with diverse health ef¬ 
fects including nonrespiratory cancers, 
ischemic heart disease, age at menopause 
(49), sudden infant death syndrome (50), 
and birth weight (51,52), This review will 
emphasize the respiratory effects of in¬ 
voluntary smoking. Because the litera¬ 
ture on passive smoking has been re¬ 
viewed in this journal (53), in the 1984 
and the 1986 reports of the Surgeon 
General (45,46), and by the National Re¬ 
search Council (47), we wilt focus on the 
newer studies and the converging evi¬ 
dence for some effects of involuntary 
smoking. Symposia (18, 54, 55) and a 
monograph by Shephard (56) have also 
addressed the adverse health effects of 
involuntary smoking. Other reviews on 
selected aspects of the health effects of 
involuntary smoking have also been pub¬ 
lished (57-61). 

Exposure to Environmental Tobacco 
Smoke . Tobacco smoke is a complex mix¬ 
ture of gases and particles that contains 
myriad chemical species (43,45). Not sur¬ 
prisingly, tobacco smoking in indoor en¬ 
vironments increases levels of respirable 
particulates, nicotine, polycyclic aromatic 
hydrocarbons, CO, acrolein, NO*, and 
many other substances. The extent of 
the increase varies with the number of 
smokers, the intensity of their smoking, 
the ventilation rate of the indoor space, 
and the use of air cleaning devices. Sev¬ 
eral cigarette smoke components have 
been measured in indoor environments 
as markers of the contribution of tobacco 
combustion to indoor air pollution. Par¬ 
ticulates have been measured most often; 
sidestream and mainstream smoke both 
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contain high concentrations of particles 
in the respirable size range (46, 47). How- 
even surveys of indoor air quality based 
on measurement of total suspended par¬ 
ticulate concentrations will not readily 
identify the excess mass indoors from en¬ 
vironmental tobacco smoke. Studies of 
levels of environmental tobacco smoke 
components have been conducted largely 
in various public buildings; fewer studies 
have been conducted in the home and of¬ 
fice environments (46, 47). 

The contribution of smoking in the 
home to indoor air pollution has been 
demonstrated by studies involving per¬ 
sonal monitoring and monitoring of 
homes for respirable particulates, Spen- 
gler and associates (62) monitored 80 
homes for respirable paniculate concen¬ 
trations over several years and found that 
a smoker of 1 pack of cigarettes daily 
contributed about 20 pg/m 3 to 24-h in¬ 
door particle concentrations. In homes 
with 2 or more heavy smokers, this study 
showed that the 24-h National Ambient 
Air Quality Standard of 260 {ig/m 5 for 
total suspended particulates could be 
exceeded. Because cigarettes are not 
smoked uniformly over the day, higher 
peak concentrations must occur when 
cigarettes are actually smoked. Therefore, 
short-term total suspended paniculate 
concentrations of 500 to 1,000 pg/m J are 
likely at the time when cigarettes are ac¬ 
tually smoked. The dramatic effect of 
smoking in the home is shown in figure 
2, which summarizes 24-h samples of 
respirable suspended particulates in resi¬ 
dences (63). The variation in the excess 
indoor concentrations among residences 
was related to the number of smokers and 
the air exchange rates. Home 13 had an 
average air exchange rate of only 0.44 per 
hour. 

Spengler and associates (40) measured 
the personal exposures to respirable par¬ 
ticulates sustained by nonsmoking adults 
in 2 rural Tennessee communities. The 
mean 24-h exposures were substantially 
higher for those exposed to smoke at 
home. 

Levels of other constituents of tobacco 
smoke have not been well characterized 
in homes. In the studies of Moschandreas 
and associates (63), only homes with 
smokers had iron, arsenic, and cadmium 
levels indoors that exceeded outdoor con¬ 
centrations. Ambient cadmium ranged 
between 1 and 2.5 ng/m 3 while the in¬ 
door home average concentrations ranged 
between 2 and 5 ng/m 3 in the homes with 
heavy smoking. Under usual circum¬ 
stances of smoking, the average emission 


Fig. 2. Average 24-h respirablt sus¬ 
pended particulate (RSP) concentra¬ 
tions (pg/m») outdoors and indoors in 
homes with and without smokers. (Re¬ 
drawn with permission from reference 
63.) 



rate of CO, 50 mg per cigarette, will not 
increase concentrations in a residence to 
the standards set for outdoor air (64). 

More extensive information is available 
on levels of environmental tobacco smoke 
in various public buildings. Monitoring 
in locations where smoking may be in¬ 
tense, such as bars and restaurants, has 
generally shown elevations of particulates 
and other markers of smoke pollution 
where smoking is taking place (46, 47). 
For example. Repace and Lowrey (65) 
used a piezobalance to sample aerosols 
in restaurants, bars, and other locations. 
They found that respirable particulate 
levels ranged up to 700 pg/m 3 and var¬ 
ied with the intensity of smoking. Simi¬ 
lar data have been reported for the of¬ 
fice environment, though the informa¬ 
tion is more limited (46, 47). 

Transportation environments may also 
be affected by cigarette smoking. Con¬ 
tamination of air in trains, buses, auto¬ 
mobiles, airplanes, and submarines has 
been documented (46, 47). For example, 
a recent National Research Council Re¬ 
port (30) on air quality in airliners sum¬ 
marized studies of tobacco smoke pol¬ 
lutants in commercial aircraft. During a 
single flight, the NQ 2 concentration var¬ 
ied with the number of passengers with 
a lighted cigarette. In another study, 
respirable particulates in the smoking sec¬ 
tion were measured at concentrations 5- 
fold or greater than in the nonsmoking 
section. Peaks as high as 1,000 fig/m 3 
were measured in the smoking section. 

Markers of Exposure. Biological mark¬ 
ers of tobacco smoke exposure have been 
used to describe the prevalence and the 
dosimetry of involuntary smoking. In 
both active and involuntary smokers, 
the detection of various smoke compo¬ 
nents or their metabolites in body fluids 
or alveolar air provides evidence of ex¬ 
posure, and levels of these markers can 
be used to gauge the intensity of exposure 
to tobacco smoke. The risks of involun- 
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tary smoking have also been estimated by 
comparing levels of biological markers in 
active and involuntary smokers. 

At present, the most sensitive and spe¬ 
cific markers for tobacco smoke exposure 
are nicotine and its metabolite, coiinine 
(47, 66). Neither nicotine or cotinine are 
present in body fluids without exposure 
to tobacco smoke. Because the circulat¬ 
ing half-life of nicotine is generally less 
than 2 h (67), nicotine concentrations in 
body fluids reflect recent exposures. In 
contrast, cotinine has a half-life in the 
blood or plasma of active smokers that 
ranges from less than 10 h to about 40 
h (68, 69). The half-life of cotinine tends 
to be longer in nonsmokers than in 
smokers (68). Hence, cotinine levels pro¬ 
vide information about more chronic ex¬ 
posure to tobacco smoke in both active 
and involuntary smokers. Thiocyanate 
concentration in body fluids, concentra¬ 
tion of CO in expired air, and carboxy- 
hemoglobin level distinguish active 
smokers from nonsmokers, but these 
measures are not as accurate as cotinine 
for assessing involuntary exposure to 
tobacco smoke (66, 70, 71). 

Recent reports described cotinine lev¬ 
els and their relationship to exposure in 
adult nonsmokers and in children (table 
4). In adult nonsmokers, exposures at 
home, in the workplace, and in other set¬ 
tings determined cotinine concentrations 
in urine and saliva. The cotinine levels 
associated with involuntary smoking 
ranged from less than 1% to about 8% 
of cotinine levels measured in active 
smokers. As would be anticipated, smok¬ 
ing by parents was the predominant de¬ 
terminant of the cotinine levels in chil¬ 
dren. Greenberg and colleagues (75) 
found significantly higher concentrations 
of cotinine in the urine and saliva of in¬ 
fants exposed to cigarette smoke in their 
homes in comparison with unexposed 
controls. Urinary cotinine levels in the in¬ 
fants increased with the number of cig- 
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TABLE '4 

SELECTED STUDIES OF COTININE LEVELS IN NONSMOKERS 


Population 


Findings 


100 adult patients attending clfnrcs in 
London (72) 

151 adult males attending a clinic 
In London and 70 subjects from 
Oxford (73, 74) 


51 infants attending clinics in North 
Carolina (76). 


472 nonsmoking adults in Japan (76). 


$69 schoolchildren, 11 to 16 yr of age. 
In Bristol, England (77). 


38 children, 3 to 15 months of age. 
attending a child center in North 
Carolina (78). 

839 children and adults in a population 
sample in New Mexico (79) 


Cotinine levels parallel self-reported exposure. In 
nonsmoxmg. mean * 1.5 ng/ml In saliva; in active 
smokers, mean * 309.9 ng/ml. 

Urinary cotinine level increased with reported 
duration of smoke exposure. In nonexposed non- 
smokers, median level « 2.0 ng/ml; exposed non- 
smokers, median * 6.0 ng/ml; active cigarette 
smokers, median » 1,645 ng/ml. Smoking by wife 
increased cotinine concentrations 3-fold in non* 
smoking men. 

In nonexposed. median urinary level * 4 ng/mg 
creatinine; exposed, median « 351 ng/mg 
creatinine. Salivary creatinine levels higher In 
exposed. 

Exposure at home and at work independently 
increased urinary cotinine level. In nonsmokers, 
median * 680 ng/mg creatinine; active smokers, 
median * 8,570 ng/mg creatinine. 

Salivary cotinine level increased with the number of 
smoking parents. If neither parent smoked, 
median « 0.20 ng/ml; if both smoked, 
median * 2.70 ng/ml. 

Serum cotinine level increased with the number of 
smokers in the home. In children without house¬ 
hold exposure, mean * 1.0 ng/ml. exposed, 
mean « 4.1 ng/ml. 

Salivary cotinine level increased with the number of 
smokers in the home. If no smokers in the home, 
median levBi was 2 ero. K 1 or more smokers, 
median was greater than zero and increased with 
the number of smokers. 


arettes smoked during the previous 24 h 
by the mother. The findings were similar 
in another study of infants that was based 
on serum cotinine levels (78). Luck and 
Nau (80) have shown that cotinine and 
nicotine levels measured in infants breast¬ 
fed by smoking mothers reflect both the 
doses received from the breast milk and 
from involuntary smoking. In a study of 
schoolchildren in England, salivary coti¬ 
nine levels rose with the number of smok¬ 
ing parents in the home (77), Similar data 
were recently reported from a large popu¬ 
lation-based sample in Mew Mexico (79). 

The results of some investigations 
based on other markers of exposure have 
been similar. For example, Poulton and 
associates (81) reported that serum thio¬ 
cyanate levels were significantly higher 
in children living with smokers. In fact, 
levels of thiocyanate are increased in um¬ 
bilical cord blood if the mother lives with 
smokers (82). Nicotine levels in adults 
vary with report of recent exposure, and 
in several English studies all nonsmok¬ 
ers had measurable concentrations of 
nicotine in body fluids (66, 83, 84). 

The results of these studies using bio¬ 
logical markers have important implica¬ 
tions for research on involuntary smok¬ 
ing. The studies provide ample evidence 


that involuntary exposure leads to ab¬ 
sorption, circulation, and excretion of to¬ 
bacco smoke components, and the studies 
confirm the high prevalence of involun¬ 
tary smoking, as ascertained by question¬ 
naire (85). The results further suggest that 
questionnaire methods for assessing re¬ 
cent exposure have some validity. These 
studies also demonstrate that saliva and 
urine samples can be readily obtained 
from large populations; thus, cotinine 
levels in body fluids could be used as a 
marker of exposure in large-scale epide¬ 
miologic research on involuntary smok¬ 
ing. However, further investigation is 
needed to define the relationship between 
inhaled nicotine and cotinine levels in 
body fluids, the extent to which cotinine 
levels index doses of other tobacco smoke 
components, and the range and deter¬ 
minants of cotinine half-life in nonsmok¬ 
ers. Further, a biological marker for cu¬ 
mulative exposure, which would facili¬ 
tate investigation of chronic diseases, has 
not been identified. 

Comparisons of levels of biological 
markers in smokers and nonsmokers 
have been made in order to estimate the 
relative intensities of active and involun¬ 
tary smoking. However, a simple propor¬ 
tionality cannot be assumed between the 


ratio of the levels of markers in passive 
and active smokers and the relative doses 
of all tobacco smoke components. None¬ 
theless, several investigators have attempted 
to characterize involuntary smoking in 
terms of active smoking. For example, 
Foliart andcoworkers (86) measured uri¬ 
nary excretion of nicotine in flight atten¬ 
dants during an 8-h flight and estimated 
that the average exposure was 0.12 to 0.25 
mg of nicotine. Russell and colleagues 
(87) compared nicotine levels in non- 
smokers exposed to tobacco smoke with 
levels achieved after infusion of known 
doses of nicotine. On the basis of this 
comparison, the investigators estimated 
that the average rate of nicotine absorp¬ 
tion was 0.23 mg per hour in a smoky 
tavern, 0.36 mg per hour in an unventi¬ 
lated smoke-filled room, and 0.014 mg 
per hour from average daily exposure. In 
active smokers, the first cigarette of the 
day resulted in absorption of 1.4 mg 
of nicotine. 

Nonmalignant Respiratory Effects . 
The 1983 “State of the Art” review on 
involuntary smoking (53) and the 1984 
and the 1986 reports of the Surgeon 
Genera! (45, 46) provide comprehensive 
summaries of the literature on respira¬ 
tory effects of involuntary smoking other 
than lung cancer. These publications have 

concurred in concluding that for children 
passive smoking increases the occurrence 
of lower respiratory illness, particularly 
early in life, and increases the frequency 
of chronic respiratory symptoms. On the 
basis of primarily cross-sectional data, 
the 1984 report of the Surgeon General 

(45) also concluded that the children of 
smoking parents in comparison with 
those of nonsmokers had small reduc¬ 
tions of lung function, but the long-term 
consequences of these changes were re¬ 
garded as unknown. In the 2 yr between 
the 1984 and the 1986 reports, sufficient 
longitudinal evidence accumulated to 
support the conclusion in the 1986 report 

(46) that involuntary smoking reduces the 
rate of lung function growth during child¬ 
hood. Only limited data pertaining to 
adults have been available, and defini¬ 
tive conclusions have not been made for 
adult populations. 

The more recent data on children have 
generally supported the conclusions of 
the earlier review in this journal (53) and 
of the Surgeon General's reports. With 
regard to respiratory illness in infants, 
Pedreira and colleagues (88) prospec¬ 
tively monitored the incidence of lower 
respiratory illness in 1,144 infants fol¬ 
lowed in a pediatric practice. Office visits 
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for tracheitis and bronchitis were signif¬ 
icantly more common for infants exposed 
to tobacco smoke at home. The effects 
of prenatal smoke exposure could not be 
separated from those of postnatal ex¬ 
posure in previous studies of lower re¬ 
spiratory illness* However, relevant data 
have been published from 2 populations. 
A prospective study in China of 1,058 in¬ 
fants of nonsmoking mothers demon¬ 
strated that paternal smoking increased 
the rate of hospitalization for respiratory 
illness during the first 18 months of life 
<89). A British cohort study suggested in¬ 
dependent effects of prenatal and post¬ 
natal exposure on lower respiratory ill¬ 
ness experience in early life (90). 

Data from 2 large cross-sectional in¬ 
vestigations demonstrated an association 
between parental smoking habits and 
lower respiratory illness before 2 yr of 
age (91,92). Ware and associates (92) ana¬ 
lyzed questionnaire information from. 
10,106 children, 6 to 9 yr of age at enroll¬ 
ment, who were participating in the Har¬ 
vard Air Pollution Health Study in 6US. 
cities. Smoking by both the mother and 
the father was associated with a higher 
frequency' of reported physician-diag¬ 
nosed respiratory illness before 2 yr of 
age. The relative odds for this illness 
variable increased progressively with the 
usual number of cigarettes smoked daily 
by the mother at the time of interview. 
In a prevalence survey of 1,355 Iowa chil¬ 
dren 6 to 12 yr of age, parental smoking 
significantly increased the risk of hospi¬ 
talization for a chest illness before 2 yr 
of age (91), Although recall of past ill¬ 
nesses may be inaccurate (93), bias in 
reporting that depends upon parental 
smoking habits is unlikely. 

Two recent studies did not show effects 
of involuntary smoking on respiratory ill¬ 
nesses in children, Gardner and col¬ 
leagues (94) monitored 131 infants dur¬ 
ing the first year of life for viral infec¬ 
tions by serology, cultures, and clinical 
examinations. Neither specific infections 
nor illnesses were associated with paren¬ 
tal smoking habits. The study popula¬ 
tion was small, however, and did not have 
sufficient statistical power to examine ef¬ 
fects in the range of interest. In a study 
based on data from a health maintenance 
organization, Vogt (95) found that house¬ 
hold smoking characteristics did not in¬ 
fluence use of outpatient care services for 
respiratory illness by children. 

New* studies have showed that children 
exposed to cigarette smoke in their homes 
are also at increased risk for middle ear 
disease. Both acute otitis media (96) and 


persistent middle ear effusions (97-99) 
have been associated with involuntary 
smoking. 

The more recent studies continue to 
indicate increased respiratory symptoms 
in the children of smokers. In the Har¬ 
vard Air Pollution Health Study, smok¬ 
ing by parents increased the frequency 
of cough and wheeze in their children by 
up to about 30 ( 7o (92). Analysis of data 
from 3,482 nonsmoking children, col¬ 
lected in 1962 to 1965 in Tecumseh, 
Michigan, also indicated more frequent 
respiratory symptoms in the children of 
smokers (100, 101). Charlton (102) con¬ 
ducted a survey on cigarette smoking that 
included 15,709 English children 8 to 19 
yr of age. In the nonsmoking children, 
the prevalence of frequent cough was sig¬ 
nificantly higher if either the father or 
the mother smoked, in comparison with 
the prevalence when neither parent 
smoked. 

The findings of the newer studies are 
inconsistent on the relationship between 
passive smoking and wheezing and 
asthma. McConnochie and Roghmann 
(103) assessed predictors of wheeze in a 
retrospective cohort study of children 
who had mild bronchiolitis in infancy and 
of control children without illness. At a 
mean age of 8.3 yr, current exposure to 
tobacco smoke at home was a significant 
predictor of wheeze (odds ratio = 1.9, 
p = 0.05). Further analysis of data from 
the control children showed that mater¬ 
nal smoking significantly increased the 
prevalence of wheezing on follow-up in 
children from families with a history of 
respiratory allergy (104). In the study of 
children in Tecumseh, Michigan, paren¬ 
tal smoking was associated with a higher 
prevalence of asthma at the initial exami¬ 
nation and with a doubling of the risk 
for developing asthma during the 15-yr 
follow-up period (100,101). Murray and 
Morrison (105) evaluated 94 asthmatic 
children 7 to 17 yr of age. Level of lung 
function, symptom frequency, and re¬ 
sponsiveness to inhaled histamine were 
adversely affected by maternal smoking. 

In contrast, Tashkin and associates 
(106) examined cross-sectional data from 
children 7 to 17 yr of age in the Los An¬ 
geles area and found no association be¬ 
tween the smoking characteristics within 
the households and the prevalence of 
respiratory symptoms or asthma. In a 
prospective cohort study in New Zealand, 
parental smoking habits were not found 
to affect the incidence of asthma during 
the first 6 yr of life (107). In 1980, Weiss 
and associates (108) reported the results 
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of a cross-sectional survey of respiratory 
symptoms in 650 children in Massachu¬ 
setts. The prevalence of persistent wheeze, 
the most common symptom, increased 
significantly with the number of smoking 
parents but was unrelated to smoking by 
the children themselves. These investiga¬ 
tors subsequently used cold air challenge 
to assess airways responsiveness in a sam¬ 
ple of these children and found that air¬ 
ways reactivity was not related to mater¬ 
nal smoking history (309). 

New studies have further documented 
the adverse effect of parental smoking 
on children's lung function, and longitu¬ 
dinal evidence on the consequences of 
passive smoking during lung growth and 
development was published. In the study 
of children in Tecumseh, Michigan, pa¬ 
rental smoking was associated with re¬ 
duced lung function, as assessed by spi¬ 
rometry (100, 101). The magnitude of 
effect varied with age, sex, and the index 
of exposure to parental smoking. In the 
survey in Los Angeles, maternal smok¬ 
ing was associated w'ith av erage reduc¬ 
tions of 3 to 8% for spirometric para¬ 
meters in male subjects (106). The effects 
of paternal smoking were largest in boys 
less than 12 yr of age and were variable 
in girls, Ekwo and coworkers (91) found 
significantly greater response to inhaled 
bronchodilator in the children of cig¬ 
arette smokers. In the Harvard Air Pol¬ 
lution Health Study, the FEV, of chil¬ 
dren whose mothers smoked at the time 
of spirometry was reduced by slightly less 
than l*7o of predicted FEV, reduction 
(92). In contrast, Hosein and Corey (110) 
studied 1,357 children and did not find 
an effect of home exposure to tobacco 
smoke on FEV, level. Lebowitz and col¬ 
leagues (111) also did not find effects of 
parental smoking, but only 271 children 
were included in the study population. 

Based on cross-sectional data from 
children in East Boston, Massachusetts, 
Tager and associates (112) reported in 
1979 that the level of FEFi S -« declined 
with the number of smoking parents in 
the household. In 1983, these investiga¬ 
tors provided the results obtained with 
follow-up of these children over a 7-year 
period (113). Using a multivariate tech¬ 
nique, Tager and associates showed that 
both maternal smoking and active smok¬ 
ing by the child reduced the growth rate 
of the FEV t , The statistical model pre- 
# dieted effects of maternal smoking that 
' are of a physiologically important mag¬ 
nitude. Lifelong exposure of a child to 
a smoking mother was estimated * to re¬ 
duce growth of the FEV, by 10.7, 9.5, 
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and 7.0% after 1, 2, and 5 yr of follow- 
up, respectively. 

Recent longitudinal data from the Har¬ 
vard Air Pollution Health Study also 
showed reduced growth of the FEV> in 
children whose mothers smoked ciga¬ 
rettes (114). The growth rate of the FEVj 
from ages 6 through 10 yr was calculated 
for 7,834 white children. Although all 
representations of exposure to parental 
smoking were associated with reduced 
growth rate of the FEV lt only the level 
of maternal smoking in packs per day 
attained statistical significance at’p < 
0.f\\ From ages 6 through 10 yr, the 
statistical model estimated that FEVi 
growth rate is reduced by 0.17% per pack 
of cigarettes smoked daily by the mother. 
This effect was somewhat smaller than 
that reported earlier by Tager and asso¬ 
ciates (113), although if extrapolated to 
age 20 yr, a cumulative effect of 2.8% 
is predicted. The 2 sets of data were 
also analyzed with noncomparable tech¬ 
niques, and the study populations may 
have differing levels of exposure to pas¬ 
sive smoking. 

Burchfiel (100, 101) examined the ef¬ 
fects of parental smoking on 15-yr lung 
function change of subjects in the Tecum- 
seh study, first examined at ages 10 
through 19 yr. In the female subjects who 
remained nonsmokers across the follow¬ 
up period, parental smoking was not as¬ 
sociated with lung function change. In 
nonsmoking males, parental smoking re¬ 
duced the growth of the FE V, t FVC, and 
Vmaxso, although the sample size was 
limited and the effects were not statisti¬ 
cally significant. For the FEV* in males, 
the analysis estimated 7.4% and 9.4% 
reductions in 15-yr growth associated 
with 1 or 2 smoking parents, respectively. 

Some new information has become 
available for adults since the previous 
reviews, w'hich cited data from only 4 
epidemiologic studies. The ratio of hy- 
dxoxyproline to creatinine in urine was used 
by Japanese investigators as a marker of 
lung injury (115). In women passively ex¬ 
posed to cigarette smoke, this ratio in¬ 
creased with the extent of daily exposure. 
However, in a study in Germany, the 
hydroxyproline to creatinine ratio in non- 
smokers did not vary with passive smoke 
exposure (116), Moreover, Read and 
Thornton (117) reported that in experi¬ 
mental studies with rats, the hydroxypro¬ 
line to creatinine ratio actually decreased 
with increasing exposure to smoke. They 
also reported that in humans both hy¬ 
droxyproline and creatinine individually 
increased with increased nicotine absorp¬ 


tion from active smoking in males but 
not in females (117). The ratio of the two, 
however, was not associated with in¬ 
creased nicotine excretion in either sex. 

The results of several of the more re¬ 
cent epidemiologic studies indicate pos¬ 
sible chronic effects of passive smoking 
on lung function in adults. The results 
of an investigation of 163 nonsmoking 
women in the Netherlands suggested ad¬ 
verse effects of tobacco smoke exposure 
in the home (118, 119). Cross-sectional 
analysis of spirometric data collected in 
1982 showed reductions of most para¬ 
meters in association with tobacco smoke 
exposure in the home, although the ef¬ 
fect was significant only for flows at 
higher lung volumes. In a sample of 
the women, domestic tobacco smoke ex¬ 
posure was not associated with longitu¬ 
dinal decline of lung function during the 
period 1965 to 1982. In baseline data for 
a cohort study in Scotland, respiratory 
symptoms tended to be more prevalent 
in nonsmokers living with smokers in 
comparison to nonsmokers living with 
nonsmokers (120). 

Other studies have not indicated chron¬ 
ic effects of passive tobacco smoke ex¬ 
posure on adult nonsmokers. Jones and 
associates (121) conducted a case-control 
study of 20- to 39-yr-old nonsmoking 
women in the Tecumseh Community 
Health Study cohort. Subjects from the 
highest and lowest quartiies of the lung 
function distribution had comparable ex¬ 
posure to smokers in the home. Kentner 
and colleagues (122) in a study conducted 
in Germany examined the effects of pas¬ 
sive and active smoking in 1,351 white 
collar workers. Self-reported exposure to 
environmental tobacco smoke at home 
and at work was not associated with 
reduction of lung function, as assessed 
by spirometry. In a small case-control 
study, marriage to a smoker was not as¬ 
sociated with excess risk for chronic bron¬ 
chitis (123). 

New experimental and epidemiologic 
studies have not consistently shown acute 
effects of passive smoking on lung func¬ 
tion level in asthmatic and nonasthmatic 
children and adults. As described above, 
Murray and Morrison (105) found lower 
ventilatory function in asthmatic children 
with smoking mothers. In a population 
sample in Tucson, Arizona, Lebowitz 
(124, 125) examined the relationship be¬ 
tween passive smoking and daily symp¬ 
tom occurrence and daily level of peak 
flow. Statistically significant effects of 
tobacco smoke exposure were not found 
for either outcome in the 229 children 


and adults. In an experimental study, 1-h 
chamber exposure of young asthmatics 
to cigarette smoke did not reduce expi¬ 
ratory flow rates and was, in fact, fol¬ 
lowed by a small decrease in nonspecific 
airways reactivity (126). 

The accumulating evidence since previ¬ 
ous reviews continues to demonstrate ad¬ 
verse effects of passive smoking on the 
lungs of children. Data from large popu¬ 
lations showed significant effects on lung 
function level and symptom occurrence 
(91, 92, 102, 106). Results from follow¬ 
up of the East Boston, the Harvard, and 
the Tecumseh study cohorts (100, 101, 
113, 114) suggested that the effects on 
lung function should not be dismissed 
as clinically insignificant. 

Important research questions pertain¬ 
ing to passive smoking and the child’s 
lung remain unanswered, however (46, 
127). The mechanisms of injury have not 
been established, and the relative impor¬ 
tance of exposures in utero , during in¬ 
fancy, and later in childhood has not been 
examined. Nevertheless, the available evi¬ 
dence of adverse effects does provide suf¬ 
ficient rationale for intervention. In con¬ 
trast to the evidence for children, the data 
oh adults are more variable and do not 
yet permit conclusive statements concern¬ 
ing passive smoking during adulthood 
and reductions of lung function and in¬ 
creased respiratory symptom occurrence. 

Lung Cancer: In 1981, reports were 
published from Japan (128) and from 
Greece (129) that indicated increased lung 
cancer risk in nonsmoking women mar¬ 
ried to cigarette smokers. Subsequently, 
this controversial association has been ex¬ 
amined in investigations conducted in 
the United States, Scotland, Japan, and 
Hong Kong. The association of involun¬ 
tary smoking with lung cancer derives bi¬ 
ological plausibility from the presence of 
carcinogens in sidestream smoke and the 
lack of a documented threshold dose 
for respiratory carcinogenesis in active 
smokers (130). Further, mutagenic activ¬ 
ity can be found in the urine of nonsmok¬ 
ers after passive exposure to tobacco 
smoke (131, 132). 

Time trends of lung cancer mortality 
in nonsmokers have been examined with 
the rationale that temporally increas¬ 
ing exposure to environmental tobacco 
smoke should be paralleled by increas¬ 
ing mortality rates. Enstrom (133) calcu¬ 
lated nationwide lung cancer mortality 
rates for 1914 to 1968 and concluded that 
a real increase had occurred among non¬ 
smoking males after 1935. However, oc¬ 
cupational and environmental exposures 
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TABLE 5 


COHORT AND CASE-CONTROL STUDIES OF PASSIVE EXPOSURE TO TOBACCO SMOK E AND LUNG CANCER 
Study_Findings Comment 


Prospective cohort study in Japan of 91.540 
nonsmoking females, 1966-1981 (136). 


Case-control study in Greece of 40 
nonsmoking female cases, 149 controls, 
1979-1980 (129) 


Prospective cohort study in the U.S. of 
176,139 nonsmoking females, 1960-1972 
(134). 

Case-controi study in Hong Kong of 84 
female cases and 139 controls, 
1976-1977 (137, 138). 

Cas«*control study in the U.S with 22 
female and B male nonsmoking cases. 
133 female and 180 male controls (139;, 

Case-control study in the USA. 25 male 
and 53 female nonsmoking cases'with 
matched controls, 1971-1980 (140). 

Prospective cohort study in Scotland of 
8,128 males and females. 1972-19B2 
( 120 ). 

Case-conirol study in Hong Kong wilh 06 
nonsmoking female cases, 1981-1982 
(141, 142). 

Case-control study in the U.S. with 31 non¬ 
smoking and 189 smoking female cases 
(143) 

Case-control study in the U.S. with 134 
nonsmoking female cases (135) 


Case-control study in England with 15 male 
and 32 female nonsmoking cases, and 
30 male and 66 female nonsmoking 
controls (123) 

Case-control study in Japan with 19 male 
and 94 female nonsmoking cases, and 
110 male and 270 female nonsmoking 
controls (144). 

Case-control study in Louisiana. Texas, and 
New Jersey with 99 nonsmoking cases 
and 736 controls (145). 

Case-control study in New Mexico with 28 
nonsmoking cases and 292 nonsmoking 
controls (146). 


Age-occupation adjusted SMR,‘ by husband smoking: 
Nonsmokers—1.00 
Ex-smokers—1.36 

< 20/cfay— 1.45 

> 20/day—1.91 

Odds ratios by husband smoking: 

Nonsmokers—1.0 
Ex-smokers-1.8 
Current smokers < 20/day-2.4 

> 20/day-3,4 

Age-adjusted SMR, by husband smoking: 

Nonsmokers—1.00 

Current smokers < 20/day-1.27 

> 20/day—1.10 

Crude odds ratio ol 0.75 associated with smoking 
spouse 

Odds ratios by spouse smoking: Nonsmokers-1.00 

< 40 pack years-1.48 
>41 pack years-3.11 

Odds ratio not significantly increased for current 
exposure at home: Males-1.26 
Females—0,92 

Age-adjusted mortality ratios for domestic exposure: 
Males-3.25 
Females-1.00 

Odds ratio of 1.24 (p > 0.40) for combined home and 
workplace exposure. No association with cumulative 
hours of exposure. 

No significant effects of exposure from parents, spouse, 
or workplace in smokers and nonsmokers. 

Nonsignificant odds ratio of 1.22 if husband smoked. 
Significantly increased odds ratio of 2.11 if husband 
smoked 20 or more cigarettes daily at home. Sig¬ 
nificant trend with number of cigarettes smoked at 
home by the husband. 

Overall odds ratio for spouse smoking of 1.1. 


For females, odds ratio of 1.5 if husband smoked, for 
males, odds ratio of 1.8 if wife smoked. 


Adjusted odds ratio for marriage to a smoking spouse 
was 1.5. 

Adjusted odds’ratio for marriage to a smoking spouse 
was 3.2. No effect m active smokers. 


Trend statistically significant. All histologies. 


Trend statistically significant. Histologies 
other than adenocarcinoma and bronchi¬ 
oloalveolar carcinoma. 


Alt histologies. Effect of husband smoking 
not significant 


All histologies. Two reports are inconsistent 
on the exposure variable. 

Significant increase for > 41 pack years, 
Bronchioloalveolar carcinoma excluded. 

All histologies Findings negative for 
spouse smoking variable as well. 

Preliminary, small numbers of cases. 


All histologies 


Adenocarcinoma and squamous ceil 
carcinoma only. 

AH histologies Careful exclusion of 
smokers from the case group. 


Hospital-based study. 


Clinical or radiologic diagnosis for 43%. Ail 
■histologies. ' 


Nearly 100% histologic confirmation All 
histologies. 

AU histologies other than bronchioloalveolar 
carcinoma. 


* $l&r\d&idu«d mortality ratio 


other than environmental tobacco smoke 
could explain the apparent mortality rate 
increase in males. Garfinkel (134) did not 
identify similar trends in nonsmokers in 
the Dorn study of male U.S. veterans, 
1954 to 1969, nor in the American Can¬ 
cer Society’s study of males and females, 
1960 to 1971 

Epidemiologists have tested the associ¬ 
ation between lung cancer and involun¬ 
tary smoking using conventional designs: 
the case-control and cohort studies. The 
results of both study designs may be af¬ 
fected by inaccurate assessment of ex¬ 


posure to environmental tobacco smoke, 
by inadequate information on personal 
smoking habits that leads to ciassifica-. 
tion of smokers as nonsmokers, and by 
the misdiagnosis of a cancer at another 
site as primary cancer of the lung. For 
example, in the case-control Study re¬ 
ported by Garfinkel and colleagues (135), 
13 % of cases originally diagnosed as lung 
cancer were reclassified to other sites 
after histological review and 40% of the 
cases initially classified as nonsmokers 
by chan review were found to be smokers 
on interview. The difficulty of accurately 
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estimating exposures with questionnaires 
and descriptions of a spouse's smoking 
may partly explain the variable findings 
of the published studies. In fact, the va- 
lidity and reliability of questionnaires on 
involuntary smoke exposure have yet tp 
be comprehensively evaluated. 

The evidence from the case-control 
and the cohort studies does not uni¬ 
formly indicate increased lung cancer risk 
in persons exposed to environmental to¬ 
bacco smoke, but most of the studies 
indicate increased risk in nonsmokers 
married to smokers (table 5). Hiravama 
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(J28) conducted a prospective cohort 
study of 91,540 nonsmoking women in 
Japan. Standardized mortality ratios for 
lung cancer increased significantly with 
theamount smoked by the husbands. The 
findings could not be explained by con¬ 
founding factors and were unchanged 
when follow-up of the study group was 
extended (136). After its publication, this 
article received intensive scrutiny, and 
correspondence in the British Medical 
Journal raised concerns about statistical 
methodology, population selection, un¬ 
controlled confounding, and the seem¬ 
ingly high relative risk; in his responses, 
Hirayama satisfactorily rebuffed most of 
these criticisms, although he could not 
eliminate the possibility of unreported 
smoking by women classified as non- 
smokers (147). Based on the same cohort, 
Hirayama has also reported significantly 
elevated standardized mortality ratios for 
lung cancer of 2.1 and 2.3 in nonsmok¬ 
ing men with wives smoking 1 to ^ciga¬ 
rettes and 20 or more cigarettes daily, 
respectively (136). 

In 1981, Trichopoulos and colleagues 
(129; also reported increased lung can¬ 
cer risk in nonsmoking women married 
to cigarette smokers. These investiga¬ 
tors conducted a case-control study in 
Athens. Greece, that included cases with 
a diagnosis other than adenocarcinoma 
orbronchioalveolar carcinoma and con¬ 
trols selected at a hospital for ortho¬ 
pedic disorders. The findings were un¬ 
changed with expansion of the study 
population (148). 

The results of other subsequently re¬ 
ported case-control studies have also 
demonstrated statistically significant as¬ 
sociations between involuntary smoking 
and lung cancer (135, 144-146) (table 5). 
The findings from the more recent re¬ 
ports greatly strengthen the evidence 
from the earlier studies. Several of the 
newer studies included relatively large 
numbers of nonsmokers (135, 144, 145), 
Furthermore, in most of these studies, 
involuntary smoking was assessed in 
greater detail than in the earlier reports 
so that exposure-response relationships 
could be more fully examined. 

The results of 2 other investigations 
have also been interpreted as showing an 
increased lung cancer risk associated with 
passive smoking, although both have 
methodologic limitations. In Germany, 
Knoth and colleagues (149) described a 
series of 59 female lung cancer cases of 
which 39 were in nonsmokers. Based on 
census data, the report by Knoth and col¬ 
leagues projected that a much greater 


than expected proportion of these non- 
smokers had lived in households with 
smokers. This report did not include an 
appropriate comparison series, however, 
and the suitability of substituting census 
data was not addressed by the authors. 
In another recent report, Gillis and as¬ 
sociates (120) described the preliminary 
results of a cohort study of 16,171 males 
and females in western Scotland; domes¬ 
tic exposure to tobacco smoke increased 
the lung cancer risk for nonsmoking men 
but not for women. The report was based 
on only 16 cases of lung cancer in non- 
smokers, however. 

The results of other investigations in¬ 
dicate lesser or no effects of exposure to 
environmental tobacco smoke (table 5). 
In these studies, however, confidence 
limits for the relative risks associated with 
marriage to a smoker are wide and over¬ 
lap with the confidence limits in the 
studies with significant results (47). Two 
separate case-control studies in Hong 
Kong, where lung cancer incidence rates 
in females are particularly high, did not 
indicate excess risk from passive smok¬ 
ing (137, 138, 141, 142). In the more re¬ 
cent of the 2 studies, the questionnaire 
comprehend *ely assessed cumulative ex¬ 
posure from home and workplace source* 
<141, 142). Lee and colleagues (123) re¬ 
ported a hospital-based case-control 
study in England, # Although the investi¬ 
gators considered'that their findings in¬ 
dicated little or no effect of involuntary 
smoking, the case series was small. 

The results of the American Cancer 
Society’s prospective cohort study of mor¬ 
tality in 176,139 nonsmoking women 
have also been construed by many as 
negative (134). However, the standardized 
mortality ratios for the nonsmoking 
women with husbands who smoked were 
greater than unity but not significantly 
greater. Repace (150) has suggested that 
the mortality ratios in the American Can¬ 
cer Society cohort have been reduced by 
misclassification introduced by work¬ 
place exposures, a factor not considered 
in the original analyses. Recent and pre¬ 
liminary results from a nationwide case- 
control study also did not demonstrate 
increased lung cancer risk from domes¬ 
tic exposure to tobacco smoke (140). In 
another case-control study that was per¬ 
formed in Los Angeles, Wu and col¬ 
leagues (143) did not Find significantly 
increased risk for adenocarcinoma as¬ 
sociated with involuntary smoking in 
smoking and nonsmoking women. These 
investigators estimated exposure from pa¬ 
rental smoking, spouse smoking, and 


workplace sources. The relative risk for 
lung cancer was slightly, but not signifi¬ 
cantly, increased by exposure from spouse 
smoking and from smoking by coworkers. 

At present, relatively few investigations 
provide data on the hypothesis that in¬ 
voluntary smoking is a risk factor for 
lung cancer. The extent of data contrasts 
with the more extensive literature cited 
in the 1964 Surgeon General’s Report, 
which characterized active cigarette smok¬ 
ing as a cause of lung cancer (151). The 
variability of the data on involuntary 
smoking also contrasts with that on 
active smoking. However, most of the 
studies on involuntary smoking and lung 
cancer have small numbers of cases, and 
confidence intervals for the effect of in¬ 
voluntary smoking in the various studies 
would overlap. Variation in the results 
of the studies may also reflect random 
and nonrandom errors in the classifi¬ 
cation of exposure to environmental 
tobacco smoke. In fact, the problems of 
dose estimation seem more difficult for 
lung cancer than for other health effects 
of involuntary smoking. The relevant ex¬ 
posures may begin at birth and occur 
under a wide variety of circumstances. 
Thus, some inconsistency of the studies 
would be anticipated. 

In spite of the variable epidemiologic 
evidence, environmental tobacco smoke 
has been recently characterized as a re¬ 
spiratory carcinogen. The International 
Agency for Research on Cancer of the 
World Health Organization (152) has 
concluded that ‘’passive smoking gives 
rise to some risk of cancer.” The agency 
supported this conclusion in its mono¬ 
graph on tobacco smoking by citing the 
characteristics of sidestream and main¬ 
stream smoke, the absorption of tobacco 
smoke materials during involuntary' smok¬ 
ing, and the nature of dose-response rela¬ 
tionships for carcinogenesis. Appropri¬ 
ately, the International Agency for Re¬ 
search on Cancer argued on the basis of 
biological plausibility rather than on the 
basis of epidemiologic evidence. 

The National Research Council (47) 
and the U.S. Surgeon General (46) have 
also concluded that involuntary smok¬ 
ing increases the incidence of lung can¬ 
cer in nonsmokers. In reaching this con¬ 
clusion, the National Research Council 
(47) cited the biological plausibility of 
an association between environmental 
tobacco smoke exposure and lung can¬ 
cer and the supporting epidemiologic evi¬ 
dence. This report carefully considered 
the sources of bias that may have affected 
the epidemiologic studies. Based on a 
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pooled analysis of the epidemiologic data 
and adjustment for bias, the report’s 
authors concluded that the best estimate 
for the excess risk of lung cancer in non- 
smokers married to smokers was 25%. 
The 1986 report of the Surgeon General 
(46) characterized involuntary smoking 
as a cause of lung cancer in nonsmokers. 
This conclusion was based on the exten¬ 
sive information already available on the 
carcinogenicity of active smoking, on the 
qualitative similarities between environ¬ 
mental tobacco smoke and mainstream 
smoke, and on the epidemiologic data on 
involuntary smoking. 

The extent of the lung cancer hazard 
associated with involuntary smoking in 
the United States remains uncertain, how¬ 
ever (46,153). The epidemiologicstudies 
provide varying and imprecise measures 
of risk, and dosimetric aspects of in¬ 
voluntary smoking in the respiratory' tract 
are not yet well understood. Risk estima¬ 
tion procedures have been used to de¬ 
scribe the lung cancer risk associated with 
involuntary smoking, but assumptions 
and simplifications must be made in or¬ 
der to use this method. For example, Re¬ 
pace and Lowrey (154) have recently cal¬ 
culated that approximately 5,000 lung 
cancer deaths occur annually in US: non- 
smokers as a result of involuntary smok¬ 
ing. The results of more refined risk esti¬ 
mation models should be forthcoming. 

Other Cancers, Recent reports suggest 
that environmental tobacco smoke ex¬ 
posure may increase risk of cancer at sites 
other than the lung. One study found that 
in children, maternal exposure to envi¬ 
ronmental tobacco smoke during preg¬ 
nancy was associated with increased risk 
of brain tumors (155), and in another 
study paternal but not maternal smok¬ 
ing increased the risk of childhood rhab¬ 
domyosarcoma (156), Such effects might 
arise from smoking-induced changes in 
germ cells of the parents or through trans¬ 
placental exposure rather than as a di¬ 
rect effect of smoke inhalation (157,158). 

In adults, involuntary smoking was 
linked to a generally increased risk of 
malignancy' and to excess risk at specific 
sites. Miller (159) interviewed surviving 
relatives of 537 deceased nonsmoking 
women in western Pennsylvania concern¬ 
ing the smoking habits of their husbands. 
A significantly increased risk of cancer 
death (odds ratio - 1.94, p < 0.05) was 
found in women who were married to 
smokers and were also not employed out¬ 
side their homes. The large number of 
potential subjects who were not inter¬ 
viewed and the possibility of informa¬ 
tion bias detract from this report. 


Sandler and colleagues (160-162) con¬ 
ducted a case-control study on the effects 
of childhood and adulthood exposures 
to environmental tobacco smoke on the 
risk of cancer. The 518 cases included all 
cancers other than basal cell cancer of 
the skin; the cases and the matched con¬ 
trols were between 15 and 59 yr of age. 
For all sites combined, significantly in¬ 
creased risk was found for parental smok¬ 
ing (crude odds ratio = 1.6) and for mar¬ 
riage to a smoking spouse (crude odds 
ratio = 1.5); the effects of these 2 ex¬ 
posures were independent (162). Signifi¬ 
cant associations were also found for 
some individual sites: for childhood 
exposure (161), maternal and paternal 
smoking increased the risk of hemato¬ 
poietic malignancy, and for adulthood 
exposure (160), spouse’s smoking in¬ 
creased the risk for cancers of the female 
breast, female genital system, and the en¬ 
docrine system. These findings are pri¬ 
marily hypothesis generating and require 
replication. In a case-control study, such 
as reported by Sandler and colleagues, 
biased information on exposure to en¬ 
vironmental tobacco smoke is of partic¬ 
ular concern. Hirayama (136) has re¬ 
ported significantly increased mortality 
from nasal sinus cancers and from brain 
tumors in nonsmoking women married 
to smokers in the Japanese cohort. In a 
case-control study of bladder cancer, in¬ 
voluntary smoke exposure at home and 
at work did not increase risk (163). 

These associations of involuntary smok¬ 
ing with cancer at diverse nonrespiratory 
sites cannot be readily supported with 
arguments for biological plausibility. In¬ 
creased risks at some of the sites, e.g, can¬ 
cer of the nasal sinus and female breast 
cancer, have not been observed in active 
smokers (130). In fact, the International 
Agency for Research on Cancer has con¬ 
cluded that effects would not be pro¬ 
duced in passivesmokers that would not 
be produced to a larger extent in active 
smokers (152). 

Cardiovascular Disease. While exten- 
sivedata establish active cigarette smok¬ 
ing as a causal risk factor for cardiovas¬ 
cular diseases (164), only a few studies 
have addressed mvolun&ry*smoking as 
a risk factor for these diseases. In the co¬ 
hort of nonsmoking Japanese women, 
Hirayama (165) found a small but statisti¬ 
cally significant increased risk of death 
from ischemic heart disease associated 
with the husband’s smoking. Garland 
and associates (166) prospectively de¬ 
termined mortality from ischemic heart 
disease in nonsmoking older women re¬ 
siding in southern California. After ad- 

S * 16 


justment for established risk factors, mar¬ 
riage to a smoking spouse was associated 
with a relative risk of 2.7 (p <0.10). Gillis 
and colleagues (120) assessed the base¬ 
line prevalence of cardiovascular symp¬ 
toms and major electrocardiographic ab¬ 
normalities in a population sample resid¬ 
ing in Scotland and then determined 
cause-specific mortality for up to 10 yr 
of follow-up. In their preliminary report, 
involuntary smoking was not associated 
with the prevalence of cardiovascular 
symptoms at baseline nor with cardio¬ 
vascular mortality on follow-up. A case- 
control study in England did not show 
increased risk for ischemic heart disease 
or for stroke in nonsmokers married to 
smokers (123). 

Total Mortality . Two cohort studies, 
the previously mentioned study in Scot¬ 
land (120) and an investigation of civil 
servants and their spouses in Amsterdam 
(167), provided information on invol¬ 
untary smoking and mortality from all 
causes. In the Scottish study, total mor¬ 
tality was increased for women living with 
a smoker but not for men (120), In con¬ 
trast, mortality was not increased for 
nonsmoking female subjects in the study 
in Amsterdam (167). Neither study directly 
controlled for other factors that influence 

total mortality. 

Summary. The effects of active smok¬ 
ing and the toxicology of cigarette smoke 
have been comprehensively examined. 
When considered in the context of that 
extensive information, the evidence on 
involuntary smoking supports conclu¬ 
sions concerning certain health effects. 
In children, involuntary smoking in¬ 
creases the occurrence of lower respira¬ 
tory illness during infancy, increases the 
frequency of chronic respiratory symp¬ 
toms, and reduces the level of lung func¬ 
tion. In adults, involuntary smoking is 
a cause oflung cancer, but associations 
with other diseases have not been une¬ 
quivocally established. 


Nitrogen Dioxide 

Introduction . Nitrogen dioxide causes 
lung damage at high concentrations (168, 
169), but effects at levels currently en¬ 
countered in outdoor and indoor air have 
been difficult to characterize. Early stud¬ 
ies focused on the health effects of am¬ 
bient NO, (25). However, in the late 
1970s, investigators recognized that in¬ 
door N0 2 sources were also contribut¬ 
ing to personal exposure and that indoor 
concentrations often exceeded outdoor 
concentrations in many homes (15). Con¬ 
sequently, more recent studies have em- 
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TABLE 6 

EFFECTS OF GAS COOKING ON RESPIRATORY ILLNESSES AND SYMPTOMS IN CHILDREN 


Study Population 
British Studies: 

5*758 children, S to It yr of ags. 
England and Scotland (178). 

2,408 children, 42% of original 5,758 in 
above study (179). 

4,827 children, 5 to 11 yr of age. 

England and Scotland (179). 

808 children, 6 to 7 yr of age, United 
Kingdom (180), 


191 children, 5 to 6 yr of age, England 

(181). 

390 Infants, 0 to 1 yr of age. England 

(182). 

1,565 infants, 0 to i yr of age. England 

(183) . 

Ohio Studies 

441 upper.middie class families including 
896 children less than 16 yr of age 

(184) . 

120 families from first study, including 
176 children less than 12 yr of age 

(185) 

Harvard Air Pollution Health Study' 

8,120 children. 6 to 10 yr of age. 6 U.S 
cities (186.187). 

10,106 children. 6 ;o 10 yr of age. 6 U.S 
cities Expansion of above study (92). 

Other Studies- 

676 children, 3rd ana 4th grades, Arizona 
( 188 ) 

4.071 children. 5 to 14 yr of age. 

Pennsylvania (189), 

1,138 children, 6 to 12 yr of age. Iowa 
(91). 

121 children. 0 to 13 yr of age. 
Connecticut (190) 

231 children. 6 yr of age. Netherlands 
' (191)- 


Outcome Measure 


Major respiratory symptoms and diseases individually 
and as a single composite variable describing the 
presence of any 1 of 6 symptoms or diseases. 
Single composite variable as described above. 


Single composite variable as described above. 
Single composite variable as described above. 


Single composite variable as described above. 


Respiratory illnesses and symptoms requiring physician 
visits, assessed prospectively. 

Respiratory illnesses and hospitalizations assessed 
prospectively to 1 yr. 


Incidence of acute respiratory illness, determined by bi¬ 
weekly telephone calls. 

Incidence of acute respiratory illness, determined by bi¬ 
weekly telephone calls and validated by home visits. 


History of MD diagnosed bronchitis, of serious 
respiratory illness before age 2, of respiratory illness 
In last year 
Same as above. 


Prevalence cf asthma, wheeze, sputum, cough as 
determined by parent-completed questionnaire. 

Major respiratory illnesses ano symptoms as 
determined by parent-completed questionnaire. 

Major respiratory symptoms and illnesses as deter¬ 
mined by parent-completed questionnaire 


Comparison of NO, levels in homes of cases (children 
with asthma) and controls 


Results 


Significant asociations with gas cooking of 
selected symptoms and diseases, and of 
a composite variable. 

Relative nsk for composite variable 
generally exceeded 1.0; risk varied and 
decreased with age. 

Significant effect of gas stoves on 
composite variable in urban areas only 

Borderline significant association between 
composite variable and gas stoves. 
Increased prevalence as bedroom NO t 
levels increased in a sample with 
measurements (n * 80). 

No significant association between 
bedroom NO, levels and prevalence of 
composite variable. 

No association between gas stove use and 
respiratory illnesses and symptoms. 

No significant association between illness 
or hospitalizat-ons and use of gas for 
cooking 

Respiratory illness incidence similar in 
homes using gas ano eiednc stoves. 

Respiratory Illness incidence similar in 
homes using gas and electric stoves. 


Significant association between current use 
of gas stove and history of respiratory ill¬ 
ness before age 2 (o das 'at:© * 1.23) 

Odds ratio tor history of resp^atory illness 
before age 2 decreased to 1.12 (p * 0.07), 

Significant association between use of gas 
stove and prevalence of cough (prevalence 
rate ratio « 1.97), 

No significant association between use of gas 
stove and any symptom or illness variable 
Significant assoc-ation between current gas 
stove use and hospitalization for respiratory 
illness before age 2 (odos ratio * 2.4) 
Number of days of illness associated with 
average hours of heater use 
NO* distributions simiia'm homes ot cases 
and controls 


Number of days of illness. 


phasized sources and effects of indoor 
NO* concentrations. 

Exposure . Combustion of gas during 
cooking and the burning of pilot lights 
releases nitric oxide (NO), NO j5 CO, 
CO a> and water- On average, normal use 
of an unvemed gas cooking range adds 
25 parts per billion (ppb) of NO* to the 
background concentration in a home 
(170). The increase is greater during cold 
weather when the air exchange rate is usu¬ 
ally reduced. During cooking with a gas 
range, peak levels in the kitchen may 
reach 200 to 400 ppb (10). Therefore, 
measured personal exposures to N0 2 are 
higher for persons living in homes with 


gas stoves than for persons living in 
homes with electric stoves (26, 41, 170), 
Exposure to NO* from gas cooking 
stoves and ovens is widespread. About 
50% of homes in the United States have 
gas cooking appliances; in some urban 
areas* such as Los Angeles, more than 
90% of homes are equipped with gas ap¬ 
pliances (171). The potential importance 
of NO* exposure indoors for health is un¬ 
derscored by comparison of the federal 
standard set for ambient air, 50 ppb an¬ 
nual average, with levels measured in 
homes with gas cooking appliances. Sex¬ 
ton and associates (172) used data gener¬ 
ated by personal, indoor, and outdoor 


monitoring to develop a computer model 
for personal and indoor exposure. The 
model was applied to residents of 6 U.S. 
cities. Although none of the cities expe¬ 
rienced concentrations above the federal 
standard in outdoor air, the model pre¬ 
dicted that more than 25% of the resi¬ 
dents of homes with gas ranges would 
have annual personal exposures over 50 
ppb if ambient NO* concentrations aver¬ 
aged 30 ppb. 

Health Effects . Most studies of the 
relationship between residential exposure 
to NO* and health have focused on re¬ 
spiratory symptoms and illnesses and on 
level of pulmonary function. Experimen- 
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TABLE 7 

EFFECTS OF GAS COOKING ON LUNG FUNCTION IN CHILDREN 


Study Population 

Lung Function Measure 

Results 

808 children, 6 to 7 yr of age, United Kingdom {180). 

PEFR, FEV M( , FEF„.„ 

No association with NO* levels or presence of gas 
stove. 

898 children, 0 to 15 yr of age, from 441 families. 

Ohio (184). 

FVC. FEV g . 7S 

Data on children not presented separately. No 
association with presence of a gas stove. 

8,120 children, 6 tD 10 yr ol age, 6 U.S. cities 
(186, 187). 

FVC,FEV, 

Overall reduction oMS ml and IB mi, respectively, for 
FEV, and FVC in children from homes with gas 
stoves. 

16,889 children, 6 to 13 yr of age, 7 areas in U.S. 

(192). 


Significant reduction of 19 ml associated with gas 
stove use in older girts only. 

676 children, 3rd and 4th graders, Arizona (188) 

FEV, 

No effect of gas stoves on pulmonary level or rate of 
growth. 

183 children, 6 to 12 yr of age, Iowa (91). 

FEV,. FEF 7i . FEF, W< 

No change after isoproterenol challenge in children 
from homes with gas stoves. 

9,720 children, 6 to 10 yr of age. 6 U.S. cities (92). 

FEV,, FVC 

Significant reduction in FEV,, of 0.6% and FVC of 
0.7%. Not significant after adjustment for parental 
education. 

3,175 children, 5 to 14 yr of age. Pennsylvania (193). 

FVC, FEV$ >7 $, FEF js .„, Vmax?4. Vmaxjo 

No association with use of gas stove 


tal investigations support the choice of 
these outcome measures; NO* may dam¬ 
age the lung directly through its oxidant 
properties or indirectly by increasing sus¬ 
ceptibility to respiratory infections (169, 
173). In animal models, NOz reduces the 
efficacy of specific lung defense mecha¬ 
nisms, and effects on mucociliary clear¬ 
ance, the alveolar macrophage, and the 
immune system have been demonstrated 
(169, 174, 175). 

Data on the health effects of NO* con¬ 
centrations likely to be encountered by 
the general population are derived from 
experimental and epidemiologic studies. 
The results of some human exposure 
studies imply that levels comparable to 
those measured in homes may increase 
airways reactivity in some asthmatics, but 
the results of other studies are inconsis¬ 
tent (175-177). Although experimental 
studies are useful for describing effects 
of controlled exposures, they cannot ad¬ 
dress the issue of chronic effects from 
chronic lower level exposures. Numerous 
epidemiologic investigations have now' 
been carried out to assess their relation¬ 
ship. ' 

The majority of these investigations 
were cross-sectional surveys of school¬ 
children (tables 6 and 7). The investiga¬ 
tors generally assessed current symptom 
status and retrospective illness histories, 
as obtained by parent-completed ques¬ 
tionnaire, and pulmonary function. Al¬ 
though NOi levels were measured in sev¬ 
eral of the investigations (180,181, 194), 
exposure was most often assessed by sim¬ 
ple questions concerning type of fuel 
, used for cooking. Consistent evidence of 
excess respiratory symptoms and illnesses 
in children exposed to gas stoves has not 
been demonstrated (table 6). 


Early reports from two cross-sectional 
surveys of schoolchildren in Great Brit¬ 
ain indicated that children from homes 
with gas stoves had a higher prevalence 
of respiratory symptoms than children 
from homes with electric stoves (178, 
379). When one of the survey groups was 
followed longitudinally, however, the rel¬ 
ative risks associated with gas stove use 
became highly variable and tended to de¬ 
crease as the children grew older (179). 
These same British investigators surveyed 
a third group of 808 schoolchildren, and 
measured N0 2 concentrations in the 
homes of a small sample (n = 80 or 103). 
The prevalence of respiratory symptoms 
was higher in children from homes where 
gas was used for cooking and increased 
with higher bedroom N0 2 concentra¬ 
tions, although both effects were of bor¬ 
derline statistical significance (180). A 
similar association between measured 
NOz and respiratory symptoms was not 
replicated, however, when these same in¬ 
vestigators subsequently studied another 
sample of 183 children (181). Two pro¬ 
spective studies of infants in Great Brit¬ 
ain also failed to demonstrate an associ¬ 
ation between the use of gas for cooking 
and respiratory illness (182, 383). 

Data on children from the United 
States are similarly inconsistent. Two 
large cross-sectional studies, one involv¬ 
ing the Harvard Air Pollution Health 
Study (186, 187) and the other involving 
schoolchildren in Iowa (91), have demon¬ 
strated that reports of serious respiratory 
illness before 2 yr of age (186, 187) and 
hospitalization for respiratory illness be¬ 
fore 2 yr of age (91) were more common 
among children from homes with gas 
stoves. When the original cohort in the 
Harvard Air Pollution Health Study was 
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expanded, however, the odds ratio of 1.23 
for serious respiratory illness before 2 yr 
of age decreased to 1.12 (p = 0.07). In 
the study of Ekwo and associates (91), 
the effect of exposure to a gas stove var¬ 
ied strongly and inconsistently with pa¬ 
rental smoking habits. The effect was ab¬ 
sent in homes where 1 parent smoked, 
largest where both parents smoked, and 
intermediate where neither smoked. This 
pattern of interaction cannot be readily 
interpreted biologically. Schenker and 
colleagues (189) found no association be¬ 
tween type of cooking stove and current 
respiratory symptoms or previous illness 
history in a cross-sectional survey of 4,071 
schoolchildren in western Pennsylvania, 

The relationship between stove type 
and respiratory' illness has also been stud¬ 
ied prospectively. Keller and colleagues 
(184, 185), in a study of 1,952 family 
members of ail ages in Ohio, found that 
respiratory illness incidence did not vary 
with stove type. More recently, Berwick 
and coworkers (190) followed 123 chil¬ 
dren for 3 months, 59 from homes with 
kerosene heaters and 62 from homes 
without such heaters. In a preliminary 
analysis of their data, they found that 
hours of heater use, which correlated 
strongly (r = 0.70) with 1-wk integrated 
N0 2 measurements, was significantly as¬ 
sociated with the occurrence of illness 
lasting for 1 or more days. 

The data concerned with lung func¬ 
tion level in children are similarly incon¬ 
clusive (table 7). Of the 4 investigations 
with large sample sizes (92,186,192,193), 
2 have demonstrated small but statisti¬ 
cally significant effects of exposure to a 
gas stove (186, 192). In initial .cross- 
sectional analysis of data from the Har¬ 
vard Air Pollution Health Study, Speizer 
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TABLE 8 

EFFECTS OF GAS COOKING ON PULMONARY ILLNESS, SYMPTOMS, AND FUNCTION OF ADULTS 


Study Population 


Outooma Measure 


Results 


441 upper-middle class families, including 
1,054 adults over 15 yr. Ohio (184). 

120 families from first study, including 268 
adults over 16 yr, Ohio (185). 

1,724 adults, ages > 20 yr, Maryland (195). 


708 adults, ages > 20 yr. Nonsmoking 
sample of above population (196). 

102 nonsmoking women in lowest quartile 
of FEV, compared to 103 nonsmoking 
women in highest quatrile, Michigan (121). 

07 nonsmoking adult females, Nethehands 
(194). 


Incidence of acute respiratory illness, determined by 
biweekly telephone calls. 

Incidence of acute respiratory illness, determined by 
biweekly telephone calls and validated by home visit. 
Major chronic respiratory symptoms, FEV,, FVC. 


Major chronic respiratory symptoms, FEV„ FVC, 


Comparison of proportions of cases and controls 
currently using gas stoves. 

ivc, Fey, fvc, pef, mef„. mef„, mmef. 


Respiratory illness incidence similar in 
homes using gas and electric stoves. 

Respiratory illness incidence similar in 
homes with gas and electric stoves. 

Association between gas stove use and 
increased prevalence of respiratory 
symptoms, FEV, < 80% predicted, 

FEV,/FVC < 70%. found in nonsmoking 
males only. 

Significant association between gas stove 
use and increased prevalence of chronic 
cough and phlegm, low FEV,/FVC. 

Marginal association between use of gas 
stove and tower lung function, (odds 
ratio » 1.6, p » 0.08). 

Cross-sectional analysis showed an 
association between current NO, 
exposure and decreases in most 
pulmonary function measures. No 
association with longitudinal decline in 
pulmonary function. 


and associates (186) demonstrated aver¬ 
age reductions, adjusted for parental 
smoking and socioeconomic status, of 
16ml and 18 ml in the FEVj and the FVC, 
respectively, in children from homes with 
gas stoves compared to children from 
homes with electric stoves. On expansion 
of the cohort, however, the reductions in 
FEV, and FWC, although still statistically 
significant, were 0.6% of predicted for 
the former and 0.7'Vo for the latter (92). 
With adjustment for parental education, 
the effects of exposure to a gas stove were 
reduced by 30% and were no longer 
statistically significant. Cross-sectional 
analysis of lung function data collected 
at the children’s second examination did 
not show significant effects of stove type. 
With extension of the follow-up interval, 
the investigators assessed determinants 
of pulmonary function growth and found 
no effect of gas stove exposure (114). 

Hasselbad and associates (192) ana¬ 
lyzed data from the Environmental Pro¬ 
tection Agency 1 * Community Health En¬ 
vironmental Surveillance System. They 
reported that in girls 9 to 13 yr of age, 
gas stove exposure decreased FEV 0 . 7 s by 
an average of 18 ml after adjustment for 
parental education level and smoking sta¬ 
tus. An effect was not observed in girls 
6 to 8 yr of age nor in boys 6 to 13 yr 
of age. 

In another large cross-sectional study, 
Vedal and colleagues (193) examined the 
effects of stove type on spirometric vol¬ 
umes and flow rates in a sample of 3,175 
children ages five to 14 years. With ad¬ 
justment for parental smoking and so¬ 
cioeconomic status, exposure to a gas 


stove was not significantly associated 
with reduced lung function level. 

The effects of gas stove exposure on 
lung function level were assessed in 5 
other investigations, but the sample sizes 
were inadequate for detecting effects of 
the magnitude found in the larger studies. 
Keller and colleagues (184) performed 
spirometry on 1 occasion in a sample of 
the subjects in their surveillance study. 
The data were not reported separately for 
children, and overall there was no effect 
of stove type. In 1 of the cross-sectional 
surveys conducted in England, the inves¬ 
tigators correlated lung function level 
with 1-wk measurements of NO* in the 
kitchen and in the childrens’ bedrooms 
(180). With a sample of about 400 chil¬ 
dren, significant effects of NOi were not 
found. Dodge (188) and Ekwo and as¬ 
sociates (91) did not find effects of stove 
type on lung function measures in their 
cross-sectional studies. Hosein and Corey 
(110) examined the influence of 9 indoor 
factors on FEVt.o in 1,357 nonsmoking 
white children from 3 US. towns. They 
preliminarily reported that exposure to 
gas stoves was significantly associated 
with a G.148-L reduction in FEV* level 
in boys and 0.75-L in girls. 

Only a few investigations provide data 
on acute and chronic effects of N0 2 ex¬ 
posure indoors on adults (table 8). Pro¬ 
spective studies of acute respiratory ill¬ 
ness occurrence have not demonstrated 
excesses in residents of homes with gas 
stoves (184, 185,197). Cigarettesmoking 
and chronic respiratory diseases, poten¬ 
tial confounding variables, were not con¬ 
sidered in these studies. 


Potential chronic effects have also been 
examined in populations of adults (ta¬ 
ble 8). Comstock and coworkers (195) 
reported that gas stove use was associated 
with a significantly increased prevalence 
of certain chronic respiratory symptoms 
and of ventilatory impairment in non¬ 
smoking men, but not in smoking men 
or in women of either smoking status. 
A subsequent reanalysis limited to the 
never and former smokers showed sig¬ 
nificant increases in chronic cough and 
phlegm and in the prevalence of low 
FEVj/FVC in association with gas stove 
use in both sexes (196). 

In a study of 97 nonsmoking rural 
women from the Netherlands, personal 
exposure estimates were created by com¬ 
bining l-\vk measurements of NO* with 
time-activity information (118). The in¬ 
vestigators demonstrated a cross-sec¬ 
tional association between lung func¬ 
tion level and current NO* exposure but 
failed to show an association between 
retrospectively estimated exposure to 
NO* and longitudinal decline in pulmo¬ 
nary function during the antecedent 17 
yr (194). 

Using a case-control design, Jones and 
associates (121) compared cooking fuel 
exposures of 20- to 39-yr-oId nonsmok¬ 
ing women in the highest and lowest quar- 
tiles of the lung function distribution 
in the Tecumseh Community Health 
Study. The odds ratio for the effect of 
cooking with gas on lung function level 
was 1.82 (p - 0.076). 

Lebowitz and colleagues (124,198,199) 
have evaluated acute effects of gas stove 
exposure on lung function and symptoms 
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in 229 subjects drawn from 117 TUcson 
households. The families were sampled 
from a larger study population to include 
persons with and without asthma, aller¬ 
gies, and airway obstruction. During a 
2-yr period, subjects completed symptom 
diaries and monitored their peak flow 
daily. Multivariate analyses indicated ad¬ 
verse effects of gas stoves on symptoms 
and peak flow rate in asthmatics but not 
in normal subjects (199). However, the 
magnitude of the effect is difficult to de¬ 
termine from the available publications. 

Recently, Kasuga (200) proposed that 
the urinary hydroxyproline to creatinine 
ratio is a valid and sensitive indicator of 
lung damage from environmental pollu¬ 
tants, including tobacco smoke and N0 2 . 
Hydroxyproline, an amino acid constit¬ 
uent of collagen, is a product of colla¬ 
gen catabolism; therefore, an increase in 
its excretion reflects an increase in colla¬ 
gen destruction. 

Matsukiand associates (115,201) con¬ 
ducted a cross-sectional study of 820 
schoolchildren and their 546 mothers 
during both a summer and a winter pe¬ 
riod. They measured subjects’ 24-h per¬ 
sonal N0 2 exposures with filter badges 
and collected early morning urine sam¬ 
ples for evaluation of the hydroxyproline 
to creatinine ratio. In multiple regression 
equations, passive smoking status and 
persona) N0 2 were independent and sig¬ 
nificant predictors of this ratio in both 
schoolchildren and adult women in both 
seasons. Distance from a main road, as 
a surrogate for exposure to automobile 
exhaust, was found to be a stronger pre¬ 
dictor of the ratio in summer than in 
winter in schoolchildren and a predictor 
only during the summer in adult women. 
A linear relationship was also found be¬ 
tween the value of the ratio and the 
amount of passive exposure to tobacco 
smoke. Other studies, however, have not 
shown relationships of the hydroxypro¬ 
line to creatinine ratio with either pas¬ 
sive exposure to tobacco smoke (116) or 
with active smoking (117). Although the 
hydroxyproline to creatinine ratio could 
serve as a useful biochemical indicator 
of lung injury by NO* exposure, further 
investigations are needed to clarify am¬ 
biguities in the available data. 

Definitive statements concerning the 
risk of N0 2 exposure from cooking with 
gas stoves cannot be made at present. Al¬ 
though many studies have examined re¬ 
spiratory illnesses, respiratory symptoms, 
and lung function in children and adults, 
their results are not consistent and are 
not adequate for establishing a causal 
relationship. Retrospective illness histo¬ 


ries may be inaccurate and their results 
biased by whether the subjects have symp¬ 
toms or illness at the time of interview 
(93). Variations in the characteristics of 
the study populations and differing end¬ 
points may partly explain the differences 
among the studies. Confidence limits 
have not been uniformly presented in the 
studies on gas stoves, and the results of 
many of the smaller studies that have 
been judged as negative are probably 
consistent with the larger studies that 
show small effects. 

Unfortunately, N0 2 exposures were 
directly measured in only a few investi¬ 
gations (180, 181, 191, 194), and in all of 
these the measurements spanned at most 
2-wk periods. In the other studies, cate¬ 
gorical variables, indicating gas or elec¬ 
tric stove use, were employed. However, 
neither limited area measurements nor 
variables for stove type tightly predict ac¬ 
tual personal exposure (170). Thus, the 
results of all investigations of the health 
effects of N0 2 exposure from gas stoves 
are affected by random misclassificaiion, 
This type of bias reduces the magnitude 
of the observed association from the 
value that would be found if the exposure 
of subjects was correctly estimated (25). 
Ozkaynak and associates (202) have shown 
that misclassificaiion introduced by the 
use of a categorical variable for stove type 
may introduce substantial underestima¬ 
tion of the true relative risk values as¬ 
sociated with the actual N0 2 exposure. 

Bias from inadequate control of con¬ 
founding factors must also be consid¬ 
ered in interpreting the foregoing studies 
(203). Confounding occurs when the ef¬ 
fect of 1 variable on the outcome of in¬ 
terest has not been separated from the 
effects of other variables. For example, 
maternal smoking has been associated 
with reduced lung function level in chil¬ 
dren. Confounding by maternal smok¬ 
ing could arise in a particular study if 
mothers of infants living in homes with 
gas stoves were more likely to smoke. 
With regard to N0 2 exposure from gas 
stoves and effects on respiratory illnesses 
and symptoms, and pulmonary function 
in children, the potential confounding 
variables include parental smoking, so¬ 
cioeconomic status, and asthma. Active 
smoking, occupational. exposures, and 
the presence of chronic respiratory dis¬ 
eases should also be considered in adults. 
Control of these potentially confound¬ 
ing factors has been variable among pub¬ 
lished studies (203), and in some studies 
socioeconomic status has been treated as 
a confounding factor. However, the ef¬ 
fect of socioeconomic status represents 
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a summation of the effects of associat¬ 
ed environmental and familial factors, 
one of which maybe gas stove exposure. 
Thus, control for socioeconomic status 
may reduce the likelihood of finding an 
effect of gas stove exposure. 

Summary . The findings on N0 2 ex¬ 
posure and respiratory illnesses indicate 
that the magnitude of the N0 2 effect at 
concentrations encountered in most U.S. 
homes is likely to be small. Groups with 
particularly high exposures, such as the 
urban poor who heat with ovens and 
those who heat their homes with kero¬ 
sene or gas space heaters, have not yet 
been adequately investigated. The evi¬ 
dence on respiratory symptoms and lung 
function level in children and adults is 
also inconclusive. However, because more 
than half of U.S. homes have gas cook¬ 
ing stoves and childhood respiratory ill¬ 
ness is extremely common, even a small 
effect of gas stoves would assume public 
health importance. In order to detect as¬ 
sociations of the anticipated small mag¬ 
nitude, future investigations should em¬ 
ploy direct measurement of exposure, 
rather than surrogate variables. Infants 
and other potentially susceptible groups 
seem the most suitable populations for 
study. Nevertheless, the epidemiologic 
evidence implies that clinically relevant 
effects of N0 2 from gas stoves are un¬ 
common at the concentrations found in 
most U.S. homes. 

Carbon Monoxide 

Introduction . Carbon monoxide is an 
odorless, colorless gas with well-char¬ 
acterized effects on oxygen transport 
(204). Carbon monoxide interferes with 
oxygen transport by avidly binding to he¬ 
moglobin to form carboxyhemoglobin 
and by shifting the oxyhemoglobin dis¬ 
sociation curve to the left. It also binds 
to myoglobin, but the physiologic sig¬ 
nificance of the formation of CO-myo- 
globin has not been established (205). 
Carboxyhemoglobin reduces oxygen de¬ 
livery to tissues, as does the hypoxia of 
altitude. Tissues with the highest oxy¬ 
gen needs, myocardium, brain, and ex¬ 
ercising muscle, are most affected by 
the formation of carboxyhemoglobin. 
Research on the health effects of lower 
levels of carbon monoxide exposure has 
emphasized consequences for these or¬ 
gans, particularly in subjects with dis¬ 
eases that make these organs vulnerable 
to reduced oxygen transport. 

Exposure . Carbon monoxide has num¬ 
erous sources in the home, the office, and 
other environments. In the home, emis¬ 
sions from gas appliances and cigarette 
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smoke, and from vehicles in attached 
garages may elevate CO levels. During 
cooking with a gas range, hourly CO con¬ 
centrations typically range from 2 to 6 
ppm and 1-h averages may exceed 12 ppm 
in conventional homes (28). One-hour 
CO concentrations in small apartments 
may reach twice the values in single¬ 
family residences. Use of gas stove for 
heating, a common practice among ur¬ 
ban poor in northern climates, may in¬ 
crease CO concentrations to 25 to 50 ppm 
(206). Cigarette smoking is generally a 
minor source of CO in homes (64). Other 
combustion sources in homes are kero¬ 
sene and gas space heaters (207-209). 

Carbon monoxide exposure may also 
be received in vehicles, particularly when 
entry routes are available for CO from 
exhaust (210). During urban commuting, 
CO levels in cars may average 2 to 5 times 
the concentrations generally measured in 
homes and offices and by ambient air 
monitors (211-213). Offices may be con¬ 
taminated by vehicle exhaust because of 
building design problems; high CO lev¬ 
els may result (214). 

Health Effects . Most evidence on the 
health effects of low levels of exposure 
to carbon monoxide, as generally en¬ 
countered in indoor environments, has 

been derived from experimental human 
exposures. This line of investigation has 
emphasized disease states that increase 
susceptibility to reductions of oxygen 
transport: coronary artery disease, pe¬ 
ripheral vascular disease, and chronic ob¬ 
structive pulmonary disease (204, 215, 
216). While the evidence was once con¬ 
sidered to indicate adverse effects of CO 
at low levels in affected persons, much 
of the data is now controversial. 

Although the health effects of low lev¬ 
els of CO exposure are controversial, the 
problem of CO poisoning by indoor com¬ 
bustion sources has been well described 
and its dimensions should be recognized 
by clinicians. The clinical manifestations 
of CO poisoning primarily reflect the ef¬ 
fects of reduced oxygen transport to or¬ 
gans, such as the heart and brain, with 
high oxygen demand. The neurologic 
manifestations range from impaired 
mentation and behavioral alterations 
to coma (217, 218). Delayed and persis¬ 
tent neurologic sequelae may follow CO 
poisoning (218). Cardiac effects include 
arrhythmias and myocardial infarction 
(217). 

The nonspecificity and diversity of the 
manifestations of CO poisoning have 
been emphasized (217). In fact, the di¬ 
agnosis of CO poisoning is frequently 


delayed while alternative diagnoses are 
considered. In a series from France, the 
most common misdiagnoses were food 
poisoning, psychiatric disorders, cere¬ 
brovascular disease, intoxication, and 
heart disease (219). The finding of reti¬ 
nal hemorrhages on fundoscopic exami¬ 
nation should alert the clinician to pos¬ 
sible CO poisoning (220, 221). Kelly 
and Sophocleus (220) reported 12 cases 
of subacute CO poisoning; retinal hem¬ 
orrhages were found in each of the 5 
patients exposed more than 12 h. The 
incidence of CO poisoning may rise 
with increased use of space heaters and 
woodstoves. 

Summary . Carbon monoxide poison¬ 
ing is a well-documented clinical entity 
that follows exposure to high levels of 
CO. Effects of the lower levels of CO ex¬ 
posure generally encountered in indoor 
environments are controversial at present. 

Woodsmoke , 

Introduction . Since the 1973 oil embargo, 
there has been a resurgence of residen¬ 
tial wood use in the United States. Dur¬ 
ing the decade of the 1970s, the shipment 
of woodstoves increased 10-fold and the 
current inventory of woodstoves is es¬ 
timated to exceed 11 million (222). Res¬ 
idential woodburning typically occurs 
under oxygen-starved conditions that 
increase emission rates for CO, respir¬ 
able particulates, and polycyclic aromat¬ 
ic hydrocarbons. In many communities 
where woodburning is common, ambient 
concentrations of these pollutants have 
increased as a result (223). The use of fire¬ 
places and stoves may potentially result 
in increased indoor concentrations of 
smoke components by reentrainment of 
outdoor air or by direct leakage into in¬ 
door air. 

Exposure, Few assessments of the im¬ 
pact of woodburning stoves and fire¬ 
places on indoor air quality have been 
performed. Limited evidence suggests 
that the rate of pollutant emissions from 
a wood-burning source depends primar¬ 
ily on the degree of air-tightness of the 
source. Under proper operating condi¬ 
tions the newer “airtight” residential 
woodstove is under negative pressure and 
should not leak combustion by-products 
into the home. However, under non-air- 
tight operations and during startup, stok¬ 
ing, and reloading, pollutants can be 
emitted indoors. Traynor and colleagues 
(224) reported indoor CO concentrations 
of 0.4 to 2.8 ppm during operation of 
“airtight” stoves, whereas average levels 
of 1.8 to 14 ppm occurred during opera¬ 


tion of “non-airtight” stoves. For sub¬ 
micron sized panicles, indoor concentra¬ 
tions were slightly above background 
(zero to 30 pg/m 3 ) during the use of “air¬ 
tight” stoves and substantially higher with 
the “non-airtight” stoves (200 to 1,900 
pg/m 3 ). Indoor concentrations of 5 poly¬ 
cyclic aromatic hydrocarbons greatly ex¬ 
ceeded outdoor levels when the “non- 
airtight*' stove was used (224). 

These results are consistent with the 
findings of a study of personal exposures 
to respirable particulates in a rural com¬ 
munity with substantial woodbuming for 
winter heating (225). Analysis of respira¬ 
ble particulate data collected over 7 days 
of sampling in 24 homes in Waterbury, 
Vermont, suggested that homes with air¬ 
tight woodburning stoves have about 4 
pg/m 3 higher indoor concentrations than 
do the homes without woodburning 
stoves (225). The elemental composition 
of indoor and outdoor particles was ex¬ 
amined for 5 of these homes. Using the 
elements as tracers for wood, automo¬ 
bile exhaust, and other sources of parti¬ 
cles, as well as for measuring penetration 
of ambient air, the investigators con¬ 
firmed that the increased indoor parti¬ 
cle levels were due to woodburning. 

Elevated concentrations of pollutants 
may also be caused by woodburning in 
fireplaces. Moschandreas and colleagues 
(63, 226) reported benzo(a)pyrene and 
respirable particulate levels indoors and 
outdoors from a series of measurements 
made in 3 homes, 2 with fireplaces and 
the third with a woodstove. The outdoor 
concentrations of benzo(a)pyrene rarely 
exceeded 1 ng/m 3 . The indoor benzo(a)- 
pyrene concentrations were substantially 
higher than outdoors on days when the 
woodstove was used, averaging 4.7 ng/m 3 
indoors. Benzo(a)pyrene was only meas¬ 
ured on 1 woodburning day for 1 home 
with a fireplace. On this day, the in¬ 
tegrated particle samples indoors ex¬ 
ceeded 11 ng/m 3 benzo(a)pyrene, while 
those outdoors were less than 0.5 ng/m 3 . 
Respirable particulates were also elevated 
in all 3 residences on wood burning days. 
Levels ranged from 14.3 to 72.5 pg/m 3 
in the home with the woodstove, and were 
159.9 and 67.6 pg/m 3 on 1 woodburning 
day in each of the homes with a fireplace. 
The investigators concluded that wood- 
burning in a stove or a fireplace may be 
an important source of indoor pollution. 

In summary, airtight woodstoves con¬ 
tribute relatively low concentrations of 
particulates, CO, and polyaromatic hy¬ 
drocarbons to the indoor environment. 
Woodburning in fireplaces and non- 
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airtight woodstoves may lead to substan¬ 
tially higher levels of these pollutants. 
Nonetheless, woodsmoke is a complex 
mixture and only a few of its components 
have been measured in homes. For ex¬ 
ample, measurements of aldehydes such 
as acroleih have not been performed dur¬ 
ing residential woodburning. However, 
the characteristic smell of woodburning 
in stoves and fireplaces indicates that 
odorous compounds, some of which are 
most likely aldehydes, are released by 
combustion of wood. Further assessment 
of the impact of woodburning on indoor 
air quality is needed to describe fully the 
range of contaminants produced and 
their concentrations under differing con¬ 
ditions of operation and combustion. 

Health Effects . Limited data have been 
published concerning the health effects 
of residential wood combustion. In vitro 
experiments demonstrate that emissions 
from a woodstove induce sister chromatid 
exchange (227) and are mutagenic, as as¬ 
sessed by the Ames Salmonella assay 
(228). Using a rabbit model, Fick and 
colleagues (229) studied the effects of 
woodsmoke on pulmonary macrophages. 
They reported that smoke-exposed rab¬ 
bits, in comparison with controls, pro¬ 
duced significantly more cells of all types 
on broncho alveolar lavage, and that the 
rabbit macrophages exhibited a decrease 
in adherence, phagocytic rate and bac¬ 
terial uptake. Macrophage viability and 
bactericidal processing were not affected. 
Wong and coworkers (230) evaluated the 
response of guinea pigs to woodsmoke 
with repeated C0 2 challenges. After ex¬ 
posure, respiratory frequency decreased 
and ventilatory response to C0 2 was di¬ 
minished. These effects were transient 
and full recovery occurred within 3 days. 

Only a few epidemiologic studies on 
the health effects of woodsmoke have 
been performed. Studies from less d evel- 
oped countries indicate an association 
between intense smoke exposure in dwell¬ 
ings and chronic pulmonary disease. In 
a house-to-house survey of adults more 
than 20 yr of age in Nepal, Pandey (231) 
found that chronic bronchitis was equally 
prevalent in men and women, affecting 
18.9%, in contrast to the male prepon¬ 
derance usually observed. Further anal¬ 
ysis of the data demonstrated an associ¬ 
ation between prevalence rates for chron¬ 
ic bronchitis and domestic smoke exposure 
as measured by the number of hours 
spent daily near the stove (232). Pandey 
and colleagues (233) subsequently evalu¬ 
ated respiratory function of 150 women 
ages 30 to 44 yr from 2 rural villages in 


Nepal. In cigarette smokers, spirometric 
test results worsened as reported hours 
of smoke exposure increased, but a simi¬ 
lar effect was not present in nonsmokers. 

Master (234) randomly selected 94 New 
Guinea residents for a health evaluation 
that included a complete history and 
physical examination. The prevalence of 
clinical symptoms or abnormal pulmo¬ 
nary findings was extremely high at all 
ages; 90% of subjects 40 yr of age and 
older were affected. Although Master 
collected only descriptive clinical data 
and no information on exposures, he at¬ 
tributed the high prevalence of abnor¬ 
malities to domestic smoke exposure. 
Based on the findings of a cross-sectional 
study, Anderson (235) has also suggested 
that woodsmoke exposure contributes to 
the development of chronic lung disease 
in adults in New Guinea. 

Respiratory effects of woodsmoke have 
also been examined in children from 
less developed countries. Anderson (236) 
conducted a cross-sectional study and a 
longitudinal study to assess the effects 
of woodsmoke pollution on children in 
New Guinea. He evaluated 1,650 children 
drawn from 2 contrasting communities, 
1 at sea level where wood was not burned 
and 1 in the highlands where wood was 
commonly burned. The 2 groups did not 
differ on spirometric testing, physical ex¬ 
amination, or clinical history. He also fol¬ 
lowed 112 children with differing levels 
of woodsmoke exposure and did not find 
a consistent relationship between ex¬ 
posure and respiratory abnormalities 
during a 30-wk surveillance period. In 
contrast, Kossove (237) reported that 
Zulu infants less than 13 months of age 
with severe lower respiratory tract dis¬ 
eases were twice as likely to have a his¬ 
tory of daily heavy smoke exposure as 
were infants without such disease. 

Although these studies implicate do¬ 
mestic smoke exposure as a risk factor 
for the development of respiratory dis¬ 
ease in less developed nations, their 
results should not be generalized to more 
developed nations. The exposures are 
orders of magnitude lower on average in 
more developed countries than in less de¬ 
veloped countries. In the less developed 
countries, low efficiency stoves are used 
for long periods of time in small huts with 
poor ventilation, and agricultural waste 
and dung are often used as fuel (238). 
These conditions may lead to particulate 
and benzo(a)pyrene levels that are 10 to 
100 times higher than those found in U.S. 
homes with woodburning stoves (239). 

Data on health effects of residential 
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wood combustion in the United States 
are sparse. In a case report, Honicky and 
colleagues (240) described an infant with 
recurrent hospitalizations for severe lower 
respiratory tract disease characterized by 
wheeze and pneumonia. The child im¬ 
proved when hospitalized and then re¬ 
lapsed within 12 h after returning home. 
After the parents removed their wood- 
stove, the child’s illnesses ceased. This 
case prompted the investigators to con¬ 
duct a prevalence study of respiratory 
symptoms in 62 children in Michigan, 31 
from homes with and 33 from homes 
without woodburning stoves (241). Using 
a standardized questionnaire, interview¬ 
ers asked parents about their children’s 
respiratory symptoms during the pre¬ 
vious winter. Symptoms were classified 
as present or absent and as mild, moder¬ 
ate, or severe. The proportion of children 
with moderate or severe symptoms was 
much greater in the group from homes 
with woodstoves: 84% of children in this 
group reported at least 3 severe symptom 
as compared to 3% of the control group. 
Parental smoking and socioeconomic 
status were similar in both groups. 

In a study of similar design in Mas¬ 
sachusetts, Tuthill (242) retrospectively 
ascertained episodes of acute respiratory 
illnesses from January through March 
from 399 parents of school-age children. 
In contrast to Honickv’s results, use of 
a woodburning stove was not associated 
with chronic respiratory disease, symp¬ 
toms such as fever, sore throat, rhinitis, 
cough and wheeze, or excess (more than 
1) respiratory illness. Differences in study 
populations, type of wood burned or 
ascertainment of illness may explain the 
conflicting results of these studies. 

Another potential hazard of wood- 
burning stoves is illustrated by a recent 
case report of a Wisconsin family that 
experienced arsenic poisoning (243). 
Over a 3-yr period, the family displayed 
a variety of symptoms ranging from 
rashes and muscle cramps to seizures and 
loss of consciousness. An environmen¬ 
tal evaluation of their house revealed that 
they were burning plywood treated with 
a chromium-copper-arsenate mixture in 
their stove. 

Summary . Woodsmoke is a complex 
mixture of gases and particles that has 
a wide range of potential respiratory ef¬ 
fects. The unconfirmed observations of 
Honicky and colleagues (241) that wood¬ 
smoke causes acute respiratory illnesses 
and symptoms in U-S. children require 
further study. Investigations in less de¬ 
veloped countries suggest that domestic 
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smoke exposure contributes to the devel¬ 
opment of chronic lung disease. This im¬ 
portant hypothesis cannot be tested with 
sufficient sensitivity in most populations 
in the United States but should be pur¬ 
sued in appropriate locales. Recurrent se¬ 
vere respiratory disease with no underly¬ 
ing causes in an infant should prompt 
the clinician to determine whether a 
woodstove is present in the home. In these 
situations, a therapeutic trial of discon¬ 
tinuing its use seems warranted. 

Addendum 

During 1987, several new sources of informa¬ 
tion on indoor air pollution and health have 
been published. The 4th International Con¬ 
ference on Indoor Air Quality and Climate 
was held in August 1987. The proceedings 
were published by the Institute for Water, Soil 
and Air Hygiene in Berlin (mailing address: 
Institut fur Wasscr-, Boden- und Lufthygiene 
des Bundesgesundheitsamtes, Corrensplatz 1, 
D-I000 Berlin 33). The US. Environmental 
Protection Agency report “EPA Indoor Air 
Quality Implementation Plan'’ and its appen¬ 
dices provide a comprehensive review'. Two 
new reports on environmental radon are avail¬ 
able: “Lung Cancer Risk from Indoor Ex¬ 
posure to Radon Daughters/’ Publication 50 
of The International Commission on Radio¬ 
logical Protection, and the report of the Bio¬ 
logical Effects of Ionizing Radiation (BEIR) 
IV Alpha Committee of the National Acad¬ 
emy of Sciences. 
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